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Description 
BACKGROUND 


[0001] Each satellite that orbits the Earth can have a distinct ephemeris. The ephemeris can include various information, 
such as the position or orbit of the satellite on a number of dates and times in a regular sequence. Some satellites can 
use their orbit information for various applications. For example, a satellite’s orbit information can be used for altimeter 
and imaging system applications. A satellite in a global positioning system (GPS) can use its orbit information to provide 
location and time information anywhere on or near the Earth, where a GPS receiver has an unobstructed line of sight 
to the GPS satellite. 

[0002] Satellite navigation systems, such as the GPS, enable a receiver to determine a location from ranging signals 
received from a plurality of satellites. The ranging signals can be broadcasted on frequencies, such as the L1 signal 
(1.57542 gigahertz [GHz]), L2 signal (1.2276 GHz), and/or L5 signal (1.17645 GHz). L1 can have a wavelength of about 
19 centimeters (cm) and L2 can have a wavelength of about 24 cm. Position can be determined from code and/or carrier 
phase information. A code division multiple access (CDMA) code is transmitted by the GPS satellites to the receiver 
and correlated with replica codes to determine ranges to different satellites, which can be used to determine the position 
of a GPS receiver on or near the Earth. Generally, a GPS receiver receives signals from multiple GPS satellites (e.g., 
four) to find its position. 

[0003] US8186626B1 discloses a system for determining and controlling an orbit of a spacecraft including a GPS 
receiver mounted to the spacecraft to receive GPS information from a plurality of GPS satellites visible to the GPS 
receiver for determining a position of the spacecraft relative to a reference coordinate system. The system may also 
include a filter configuration control module to sense a thruster maneuver operation to adjust the orbit of the spacecraft. 
The system may also include an orbit determination filter to determine at least one of a spacecraft position, velocity, and 
residue acceleration based on the GPS information and information from the filter configuration control module related 
to the thruster maneuver operation. 


SUMMARY 


[0004] Ina first aspect, the present disclosure provides an orbital determination 'OD' device for a satellite operable to 
determine a satellite’s orbit, the OD device having computer circuitry configured to: receive a single global positioning 
system-generated 'GPS-generated' signal from a GPS satellite; decode an ephemeris of the GPS satellite from the 
GPS-generated signal; determine a Doppler shift and a trend of Doppler shift of the GPS-generated signal; and generate 
a Doppler-GPS OD using the ephemeris of the GPS satellite and the Doppler shift and the trend of Doppler shift of the 
GPS-generated signal fit to Kepler orbital elements of an orbit model. 

[0005] In a second aspect, the present disclosure provides a method for orbital determination 'OD' of a satellite, 
comprising: receiving a global positioning system-generated 'GPS-generated' signalfrom a single GPS satellite; decoding 
an ephemeris of the GPS satellite from the GPS-generated signal; determining a Doppler shift and a trend of Doppler 
shift of the GPS-generated signal; and generating a Doppler-GPS OD using the ephemeris, the Doppler shift, and the 
trend of Doppler shift provided by the GPS-generated signal fit to Kepler orbital elements of an orbit model. 

[0006] Ina third aspect, the present disclosure provides at least one non-transitory machine readable storage medium 
comprising a plurality of instructions adapted to be executed to implement the method of the second aspect. 

[0007] Ina fourth aspect, the present disclosure provides a receiver-on-board 'ROB' for a satellite for orbital determi- 
nation 'OD' of the satellite, the ROB comprising: a transceiver for receiving a global positioning system-generated 'GPS- 
generated' signal on a first GPS band from each of at least four GPS satellites; and a processor for: decoding an 
ephemeris of each of the at least four GPS satellites from the GPS-generated signals, generating a GPS OD with GPS 
pseudorange data from the from the at least four GPS-generated signals, calculating a Doppler shift and a trend of 
Doppler shift of at least one GPS-generated signal, generating a Doppler-GPS OD using the ephemeris, the Doppler 
shift, and the trend of Doppler shift provided by the at least one GPS-generated signal fit to Kepler orbital elements of 
an orbit model, and comparing the GPS OD with the Doppler-GPS OD. 


BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] Features and advantages of the disclosure will be apparent from the detailed description which follows, taken 
in conjunction with the accompanying drawings, which together illustrate, by way of example, features of the disclosure; 


and, wherein: 


FIG. 1 illustrates a diagram of a plurality of global positioning system (GPS) satellites, a plurality of low Earth orbit 
(LEO) satellites, and a plurality of geostationary Earth orbit (GEO) satellites or high Earth orbit (HEO) satellites in 
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accordance with an example; 


FIG. 2 illustrates a diagram of an orbital determination (OD) device or a receiver-on-board (ROB) for OD of the 
satellite configured to receive a global positioning system-generated (GPS-generated) signal from a GPS satellite 
in accordance with an example; 


FIG. 3 illustrates a diagram of an orbital determination (OD) device or a receiver-on-board (ROB) for OD of the 
satellite configured to compare a global positioning system (GPS) OD with a Doppler-GPS OD in accordance with 
an example; 


FIG. 4 illustrates a diagram of Kepler orbital elements in accordance with an example; 

FIGS. 5A and 5B illustrate diagrams of Kepler orbital elements in accordance with an example; 

FIG. 6 illustrates a diagram of Kepler orbital elements in accordance with an example; 

FIG. 7 depicts a flow chart of a method for orbital determination (OD) of a satellite in accordance with an example; and 


FIG. 8 depicts functionality of computer circuitry of an orbital determination (OD) device for a satellite operable to 
determine a satellite’s orbit in accordance with an example; 


FIG. 9 illustrates a diagram of a Doppler shift of global positioning system (GPS) L1 signal for a low Earth orbit 
(LEO) satellite orbit and an estimated LEO satellite orbit in accordance with an example; 


FIG. 10 illustrates a diagram of a difference in a Doppler trend between a low Earth orbit (LEO) satellite orbit and 
an estimated LEO satellite orbit for a 500 meter error in altitude and an approximately 350 meter (m) anomaly along 
a track in accordance with an example; and 


FIG. 11 illustrates a diagram of a difference in a Doppler trend between a low Earth orbit (LEO) satellite orbit and 
an estimated LEO satellite orbit for a 0.1 degree inclination error in accordance with an example. 


[0009] Reference will now be made to the exemplary embodiments illustrated, and specific language will be used 
herein to describe the same. It will nevertheless be understood that no limitation of the scope of the invention is thereby 
intended. 


DETAILED DESCRIPTION 


[0010] Before the present invention is disclosed and described, it is to be understood that this invention is not limited 
to the particular structures, process steps, or materials disclosed herein, but is extended to equivalents thereof as would 
be recognized by those ordinarily skilled in the relevant arts. It should also be understood that terminology employed 
herein is used for the purpose of describing particular examples only and is not intended to be limiting. The same 
reference numerals in different drawings represent the same element. Numbers provided in flow charts and processes 
are provided for clarity in illustrating steps and operations and do not necessarily indicate a particular order or sequence. 


EXAMPLE EMBODIMENTS 


[0011] An initial overview of technology embodiments is provided below and then specific technology embodiments 
are described in further detail later. This initial summary is intended to aid readers in understanding the technology more 
quickly but is not intended to identify key features or essential features of the technology nor is it intended to limit the 
scope of the claimed subject matter. 

[0012] The global positioning system (GPS) is a space-based global navigation satellite system (GNSS) that can 
provide location and time information in various types of weather, anywhere on or near the Earth, where a GPS receiver 
(e.g., GPS receiver 120 or 122 on the Earth 110 or GPS receiver on a satellite 130A-H or 150A-C) has an unobstructed 
line of sight to four or more GPS satellites 140A-J, as illustrated in FIG. 1. When a GPS satellite is blocked from the 
GPS receiver so too few GPS satellites are in view of the GPS receiver, the GPS receiver can provide no positioning 
information or it can generate inaccurate or incorrect positioning information. Alternatively, the GPS signal on known 
GPS frequencies may be jammed by an external jamming source or other electronic equipment preventing the GPS 
receiver from receiving a valid GPS signal. Alternatively, an external spoofing source may generate a false GPS signal 
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on known GPS frequencies in an attempt to spoof the GPS receiver to generate inaccurate or incorrect positioning 
information. As used herein, GPS receiver can be used interchangeably with GPS transceiver. 

[0013] FIG. 1 illustrates a constellation of low Earth orbit (LEO) satellites 130A-H, a constellation of GPS satellites 
140A-J, and a plurality of geostationary Earth orbit (GEO) or high Earth orbit (HEO) satellites 150A-C. LEO can generally 
be defined as an orbit within the locus extending from the Earth’s surface 110 up to an altitude of approximately 2,000 
kilometers (km). A GPS can operate with a constellation of 24 GPS satellites 140A-J. The GPS satellites can be medium 
Earth orbit (MEO) satellites. MEO can be a region of space around the Earth above the LEO (altitude of approximately 
2,000 km or 1,243 miles (mi)) and below geostationary orbit (altitude of 35,786 km or 22,236 mi). The geostationary 
orbit, also known as the geostationary Earth orbit (GEO), can have a period approximately equal to the Earth’s rotational 
period and an orbital eccentricity of approximately zero. An object in the GEO can appear motionless, at a fixed position 
in the sky, relative to ground observers. In an example, a satellite can also have an altitude that exceeds a GPS satellite 
in a MEO, a GEO, or a high Earth orbit (HEO). The HEO is a highly eccentric geocentric orbit whose apogee (i.e., the 
highest or most distant point) lies well above its lowest point. In an example, a MEO satellite can have an orbital altitude 
of approximately 20000 km with a near 12 hour orbit. A GEO can have a near 24 hour orbit, or an orbit near the rotational 
rate of the Earth, hence geostationary Earth orbit (GEO). The LEO may be in an orbit between a GPS satellite and a 
surface of the Earth. 

[0014] Typically, a GPS satellite’s transmission antenna is directed towards the Earth 110. Each GPS satellite can 
transmit a GPS signal to another satellite, such as a LEO satellite 130A-H or a GEO or HEO satellite by overshooting 
or grazing the Earth. For example, FIG. 1 illustrates four GPS satellites 140A-D transmitting their GPS signal 142A-D 
to a LEO satellite 130A. In another example, a GPS satellite 140J can transmit a GPS signal (or GPS-generated signal) 
142E to a single LEO satellite 130G, where the LEO satellite can use the GPS-generated signal to determine the LEO 
satellite's orbit (via Doppler-GPS orbit determination). In another configuration, a GPS satellite 140F can transmit a GPS 
signal (or GPS-generated signal) 142F to a single GEO or HEO satellite 150A, where the GEO or HEO satellite can use 
the GPS-generated signal to determine the GEO or HEO satellite’s orbit. A GPS signal can be a spread-spectrum, 
pseudo random noise (PRN) signal that encodes the location of the transmitting satellite. In an example, the GPS- 
generated signals 142A-F can use the L1, L2, or L5 frequency band. As used herein GPS signal and GPS-generated 
signals can be used interchangeably to refer to a signal originating from a GPS satellite, and a GPS-like signal refers 
to a signal originating from a source other than the GPS satellite that encodes the source position versus time and/or 
the satellite’s ephemeris. 

[0015] Each satellite (e.g., GPS, LEO, MEO, GEO, or HEO satellite) can be referred to as a space vehicle (e.g., sv). 
The signal from a GPS satellite can be used to generate a measurement to calculate a receiver's position. Each GPS 
signal can be used solve for one unknown in the three dimensional (3D) position of the receiver (e.g., GPS receiver). 
Since a 3D position can have three unknowns, three independent signals from three separate GPS satellites can be 
used to calculate a 3D position. Since the GPS satellite and the GPS receiver do not operate using a same clock, a 
fourth independent signal from a fourth GPS satellite can be used to compensate for clock bias in the GPS receiver. So, 
measurements from the independent GPS signals from four different GPS satellites can be used to calculate a precise 
GPS receiver position. Sometimes more than four satellites may be in view of a GPS receiver, so additional GPS signals 
can provide redundancy or additional error checking for the measurements used to calculate the GPS receiver position. 
[0016] A satellite (e.g., LEO, MEO, GEO, or HEO) may use GPS to provide orbit determination. Space legacy orbital 
determination (OD) can be reliant on GPS and can provide on-board processing of 4 or more channels of GPS signals, 
where each signal composing a pseudo-range calculation from the receiver to the transmitting satellite. 

[0017] Lowcost, orbital determination (OD) capability for satellites can still be provided, even when GPS may not fully 
available (e.g., fewer than 4 GPS satellites in view of the GPS receiver), where GPS signals may have regrets (e.g. 
multipath) or when at least a portion of the GPS constellation is unavailable. In an example, OD can be generated using 
a GPS-generated signal from a single GPS satellite. OD using a single GPS satellite can be robust with partial GPS 
capability and may provide operationally responsive space systems to rapidly reconstitute OD capability when fewer 
than 4 GPS satellites are available. In another example, OD may be determined using a GPS signal (e.g., psuedo- 
random noise (PRN) code or CMDA code), where a single GPS satellite can provide OD for satellites in HEO and GEO 
orbits, which can have a low availability to receive GPS transmission 142F from multiple GPS satellites past an Earth 
horizon. 

[0018] In an example, orbit determination (e.g. estimating up to the 6 classical Kepler orbital elements) of moving 
platforms or vehicles can be provided by computing a trend in Doppler of a single GPS signal and decoding the position 
and/or ephemeris of the GPS transmitter encoded in the GPS signal. The ephemeris can include a table with various 
information, such as the positions or orbits of a heavenly body (e.g., a satellite) on a number of dates and times in a 
regular sequence. 

[0019] OD using a Doppler trend of a GPS signal from a single GPS satellite can be used not only for OD of LEO 
platforms (e.g., satellites), but can also be used for GEO and HEO platforms. OD using GPS signals from a single GPS 
satellite can provide a second alternative for OD, computing frequency difference (e.g. performed in analog) of 2 GPS 
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signals (.e.g L1 and L2) and decoding the position of the transmitting satellite from one of the signals, which can be 
looked up in almanac. 

[0020] OD using a Doppler trend of a GPS-generated signal from a single GPS satellite can be used to compare a 
legacy pseudo-range OD with the Doppler derived OD to assess spoofing, which can be used to defeat a co-orbital 
spoofer and/or transponder. OD can be determined using the Doppler trend of a dedicated alternative signal that is 
transponded via a GEO satellite (GEO SAT) that encodes the position and/or ephemeris ofthe GEO SAT (similar to a 
GPS satellite but in GEO). If OD derived from legacy GPS signals or OD derived using Doppler trend of GPS signals 
indicate spoofing, a satellite receiver can switch to an alternative carrier for OD or as a jamming backup. 

[0021] Orbit determination (OD) technology (OD device, methods, or computer circuitry) using a GPS signal from a 
single GPS satellite can apply Doppler trending to fit orbital elements in a way that can significantly simplify the receiver 
hardware and processing used. OD technology can retain a simplicity of hardware and processing. OD technology can 
provide an anti-spoofing detection and correction. Orbit determination technology using a GPS-generated signal from 
a single GPS satellite can be referred to as LEO inertial orbit navigation (LION) when used in LEO satellites. Orbit 
determination technology used to compare a legacy pseudo-range OD with the Doppler derived OD to assess spoofing 
can be referred to as a LION enhanced spoofer suppressor (LIONESS) when used in LEO satellites. 

[0022] FIG. 2 illustrates an orbital determination (OD) device or a receiver-on-board (ROB) 220 for OD of the satellite 
130 or 150 configured to receive a global positioning system-generated (GPS-generated) signal from a GPS satellite 
140. The GPS-generated signal can use a L1 (144), L2 (146), or L5 (148) band, or any other GPS band used to transmit 
a pseudo-random noise code (PRN or PN code) signal available for commercial or military use (e.g., commercial coarse- 
acquisition (C/A)-type code, a military P(Y)-type code, or an M-type code using a varied GPS signal structure) or other 
dedicated alternative carrier. 

[0023] In an example, the GPS satellite 140 transmits the GPS signal (e.g., L1 (144)). For simplicity of illustration, the 
GPS-generated signal is referred to as L1, but any GPS signal (e.g., L2 (146) or L5 (148)) can be used as long as the 
frequency is known and the receiver can determine the location of the transmitting satellite. The ROB 220 decodes 
ephemeris of the GPS satellite and the GPS time (via the transceiver 230 or processor 240). Decoding the ephemeris 
can include demodulating the L1 signal without legacy processing. In parallel, the ROB can receive each L1 signal and 
compute a Doppler shift and a Doppler trend. The ROB can combine measurements for OD based on the Doppler shift, 
the Doppler trend, and the GPS ephemeris. In an example, the satellite’s time can use the GPS time. In another example, 
the ROB can receive a GPS-generated signal from multiple GPS satellites and decode the ephemeris of for each of the 
GPS satellites from the GPS-generated signal of the specified GPS satellite. In another example, the OD can be refined 
with L1 signals from multiple GPS satellites. In another configuration, the OD can be refined with GPS pseudorange 
data. Pseudorange data can include range data generated via legacy GPS processing. 

[0024] The OD technology illustrated in FIGS. 2-3 can have the capability to predict an ephemeris using high quality 
and/or reliable measurements of the satellite’s position and/or velocity for relatively low cost. Many U.S. government 
(USG) and other satellites can rely on GPS. A GPS satellite may not always be available or the satellite may interfere 
with or obscure some GPS signals. Since GEO or HEO satellites can face away from GPS transmission antennas (since 
GPS transmits towards Earth), GEO or HEO satellites rarely receive 4 GPS signals (e.g., receives signals that go past 
the horizon). Satellite receivers (Rx) can receive up to 12 channels using a dual antenna, which can solve spacecraft 
self-obscuration. The OD technology illustrated in FIGS. 2-3 has the ability perform with as few as one GPS signal thus 
even if some signals are self-obscured OD can be provided. Similarly, the Doppler shift is insensitive to multipath bouces 
due to spacecraft structure. The use of as few as one channels can reconstitute a capability, especially for an operationally 
responsive space system, where a portion of the GPS may be out of commission. In addition, the OD technology illustrated 
in FIG. 2 can reduce the cost, power, and/or size of on-board system for a small satellite, such as picosatellite (picosat), 
nanosatellite (nanosat), or CUBESAT, compared to an on-board system that receives and processes 4 or more signals 
for legacy GPS receiver processing. 

[0025] Although not to be limiting in any way, in some exemplary embodiments the satellite 130 or 150 illustrated in 
FIGS. 2-3 can be a CUBESAT or other similar type of small or inexpensive type satellite, such as a picosatellite or a 
nanosatellite. The CUBESAT can be a type of miniaturized satellite that can have a volume of approximately a liter (10 
centimeter (cm) cube) with a weight less than 2 kilograms (kg). The CUBESAT can use commercial off-the-shelf elec- 
tronics components. The picosatellite (or picosat) can refer to an artificial satellite with a wet mass between 0.1 and 1 
kg (0.22 and 2.2 Ib). The nanosatellite (or nanosat) can refer to an artificial satellite with a wet mass between 1 and 10 
kilograms (kg) (2.2 and 22 pounds (Ib)). A microsatellite (or microsat) can refer to an artificial satellite with a wet mass 
between 10 and 100 kg (22 and 220 Ib). These satellites can include various components capable of providing various 
functions, such a power source or a power generation mechanism, a mechanism to control heating and cooling of the 
satellite, and/or a mechanism to point a transmitter or antenna to the Earth. The power generation mechanism can 
include solar cells or panels. The power source can include a battery or capacitive device. The mechanism to control 
the heating and cooling of the satellite may control the heating and cooling of the satellite passively, so the mechanism 
does not require a power source to function properly. The mechanism to point the transmitter or antenna to the Earth 
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may steer or rotate the position of the satellite passively. Those skilled in the art will recognize that these several 
descriptions are merely exemplary, and are not intended to be limiting in any way. 

[0026] GPS originally evolved for terrestrial users. In GPS position determination, a Doppler shift is not used. After 
position is determined using PRN signals, Doppler can be used to determine velocity. Using a trend of Doppler shift of 
carrier having known and/or stable frequency originating from known source (e.g., a single GPS satellite), the position 
and/or velocity can be fit to orbital elements (e.g., classical Kepler orbital elements). OD can be more readily accomplished 
for stationary sources (e.g. ground or GEO), but OD can also be generated from a moving object with a knowledge of 
a source motion (e.g., ephemeris of the GPS satellite). The GPS satellite can provide a stable carrier (e.g., L1, L2, or 
L5) used to calculate a Doppler shift and/or Doppler trend (but other stable and known carriers may also be used). In 
an example, the OD technology illustrated in FIGS. 2-3 can be used to correct ionospheric effects for satellites between 
80-1000 kilometers (km). Underlying Doppler trend and orbital elements calculations can be used to generate the position 
and velocity of the satellite using a known stable carrier with a known motion of the source of the stable carrier (e.g., 
GPS satellite). 

[0027] GPS satellites can broadcast ultra-stable signals, such as L1 (e.g., 1.57542 GHz) and L2 (e.g., 1.2276 GHz), 
and can embed ephemeris information in a PRN signal. GPS Block 11F and later satellites can also broadcast L5 (e.g., 
1.17645 GHz). A single channel receiver on-board (ROB) with visibility to a single GPS can be used to extract transmitter 
location and then be used to determine orbit and time. Multiple signals using multiple carriers (e.g., L1, L2, and L5) from 
a GPS can provide greater accuracy and/or integrity. 

[0028] To simplify the estimation and/or the ROB 220 in another example, the OD technology illustrated in FIGS. 2-3 
can receive two GPS-generated signals on different freguency bands (e.g., L1 and L2) from at least one GPS. For 
simplicity of illustration, the two GPS-generated signals on different freguency bands are referred to as L1 and L2, but 
any carrier of opportunity (e.g., L1 (144), L2 (146) or L5 (148)) can be used. The ROB can detect and mix the two signals 
(e.g., L1 and L2) and compute a difference (e.g., L1-L2) and use the relative Doppler signal to generate an estimation, 
which can eliminate having a precision reference at GHz freguencies, such as an on-board local oscillator (LO). The 
OD technology illustrated in FIGS. 2-3 can be extended to additional carriers. Using two signals, common errors in a 
reference can largely cancel each other out. The ionosphere can have refraction that scales inversely with square of 
the carrier frequency (i.e., f2). For the satellite in the ionosphere, a small scale factor relative to the altitude can be 
included in the estimation, ROB, or OD device. The second set of the GPS-generated signals received by the ROB can 
at least partially compensate for various factors or occurrences, such as atmospheric delays and refraction in the trans- 
mitted GPS-generated signals. 

[0029] Atmospheric delays can include ionospheric delays and tropospheric delays. lonospheric delay occurs in the 
ionosphere, which is a part of the upper atmosphere, comprising portions of the mesosphere, thermosphere and exo- 
sphere, distinguished because the upper atmosphere can be ionized by solar radiation. The ionosphere can play a part 
in atmospheric electricity and forms the inner edge of the magnetosphere and can influence radio propagation to distant 
places on the Earth. 

[0030] Tropospheric delay occurs in the troposphere, which includes the lowest portion of the Earth's atmosphere. 
The troposphere contains approximately 80% of the atmosphere’s mass and 99% of its water vapor and aerosols. The 
average depth of the troposphere can be approximately 11 kilometers (km) Troposphere depth can vary, being deeper 
in the tropical regions, up to 20 km (12 miles), and shallower near the poles, at 7 km (4.3 mi) depending upon the time 
of year. 

[0031] Refraction can be the change in direction of a wave due to a change in the index of refraction of the medium 
through which the signal passes. Although atmospheric refraction may not be measured, the second set of signals can 
be used to estimate for atmospheric refraction and account for the estimate in final range estimates. Atmospheric 
refraction can include the deviation of light or other electromagnetic wave, such as a radio frequency (RF) signal, from 
a straight line as the light or other electromagnetic wave passes through the atmosphere. Refraction can occur due to 
the variation in air density as a function of altitude. Refraction can cause an extra path to be introduced into flight and 
can generate a small error in range measurements. 

[0032] In essence, atmospheric delays and refraction can vary the time of flight (TOF) and the Doppler shift of signals, 
which variances can be accounted or compensated for by the second set of signals. If the satellite is in the ionosphere 
then Doppler may be affected. 

[0033] Using two signals can have benefits over a single signal. Precision orbit determination utilizing on-board process- 
ing of Doppler and/or GPS of a single GPS-generated signal with onboard algorithms can utilize a precise oscillator, an 
ultrastable oscillator, or an atomic clock, which can be more expensive than a satellite with no local oscillator or a standard 
local oscillator. In addition, orbital determination generated by the satellite often utilizes an on-board local oscillator which 
can generate errors in measurements. Thus using two GPS-generated signals, orbital determination can be low cost 
and/or less susceptible to errors in the on-board local oscillator. 

[0034] In another example, the GPS satellite 140 transmits L1 (144) and L2 (146). The ROB 220 decodes ephemeris 
of the GPS satellite and the GPS time using L1 or L2 (via the transceiver 230 or processor 240). In parallel, the ROB 
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can receive each L1 and L2 signal and compute a Doppler shift and a Doppler trend. The Doppler shifts can be trended 
and the two shifts can be compared to each other to compensate and correct for unknown refraction and ionospheric 
shifts. The ROB can combine corrected measurements for an OD based on the Doppler shift, the Doppler trend, and 
the GPS ephemeris. In an example, the satellite’s time can use the GPS time. In another example, the ROB can receive 
a GPS-generated signal from multiple GPS satellites and decode the ephemeris of for each of the GPS satellites from 
the GPS-generated signal of the specified GPS satellite. In another example, the OD can be refined with L1 and L2 
signals from multiple GPS satellites. In another configuration, the OD can be refined with GPS pseudorange data. 
[0035] In another configuration, which can be used with a GEO or HEO satellite receiving a GPS-generated signal 
with large grazing angle, which may not need to compensate for the ionosphere or refraction, the GPS satellite 140 can 
transmit L1 (144) and L2 (146). The ROB 220 decodes ephemeris of the GPS satellite and the GPS time using L1 or 
L2 (via the transceiver 230 or processor 240). In parallel, the ROB can receive each L1 and L2 signal and compute a 
difference of a Doppler shift and difference of a Doppler trend. The difference of Doppler shifts can be trended to fit to 
orbital elements. The ROB can combine measurements for an OD based on the difference of the Doppler shift, the 
difference of the Doppler trend, and the GPS ephemeris. In an example, the satellite’s time can use the GPS time. Using 
differences of the Doppler shift and Doppler trend can provide precise OD without a precision LO in the receiver (e.g., 
ROB). In another example, the ROB can receive a GPS-generated signal from multiple GPS satellites and decode the 
ephemeris of each of the GPS satellites from the GPS-generated signal of the specified GPS satellite. In another example, 
the OD can be refined with L1 and L2 signals from multiple GPS satellites. In another configuration, the OD can be 
refined with GPS pseudorange data. 

[0036] In another example, the GPS satellite 140 transmits three GPS-generated signals (e.g., L1 (144), L2 (146), 
and L5 (148)). For simplicity of illustration, the GPS-generated signals are referred to as L1, L2, and L5, but any carrier 
of opportunity (e.g., commercial coarse-acquisition (C/A)-type code, a military P(Y)-type code, or an M-type code using 
a varied GPS signal structure) can be used. The ROB 220 decodes ephemeris of the GPS satellite and the GPS time 
using L1, L2, or L4 (via the transceiver 230 or processor 240). In parallel, the ROB can receive each L1, L2, and L5 
signal and compute a Doppler shift and a Doppler trend. The relative Doppler shifts (a difference of the Doppler shift) 
can be trended and double differences of Doppler shifts and Doppler trends can be computed and corrected to compensate 
and correct for unknown refraction and ionospheric shifts. The relative Doppler can be computed for two carriers with 
no ionospheric correction. The ROB can generate a corrected relative Doppler trend from the double differences of 
Doppler shifts and the corrected relative Doppler can be trended fit to orbital elements. In an example, the satellite’s 
time can use the GPS time. Using double differences of the Doppler shift and Doppler trend can compensate and correct 
for unknown refraction and ionospheric shifts and provide precise OD without a precision LO in the receiver (e.g., ROB). 
Using double differences can use a simpler signal but may take longer to obtain a specified navigational accuracy over 
using single differences. A single difference can take longer to obtain a specified navigation accuracy over using a 
Doppler trend. A double difference can be a difference between two single differences. 

[0037] The OD technology and geo-location described can provide an improvement for real-time and/or time dominant 
applications. The OD technology described with FIG. 2 can reduce cost of OD systems and can even use as little as a 
single channel receiver with one antenna without solving GPS pseudo-range equations. The OD technology described 
can provide GPS backup by using one GPS satellite or fewer than four GPS satellites. In an example, the OD technology 
described can combine two or more carriers from the GPS satellite or other source and estimate OD based on their 
frequency difference (e.g., Doppler shift). 

[0038] FIG. 3 illustrates an orbital determination (OD) device or a receiver-on-board (ROB) 220 for OD of the satellite 
130 or 150 configured to compare a legacy pseudo-range OD with the Doppler derived OD to assess spoofing, where 
the legacy pseudo-range OD and the a Doppler derived OD are both derived from global positioning system-generated 
(GPS-generated) signals from GPS satellites 140. The GPS-generated signal 142A-D can use a L1, L2, or L5 band, or 
any other GPS band used to transmit a pseudo-random noise code (PRN or PN code) signal available for commercial 
of military use (e.g., commercial coarse-acquisition (C/A)-type code, a military P(Y)-type code, or an M-type code using 
a varied GPS signal structure). 

[0039] The OD technology can provide detection of GPS spoofing for satellites (e.g., LEO satellites) with backup 
capability to provide orbital determination (OD). In prior related systems, spoofing can occur when one or more of GPS- 
like spoof signals are received by the satellite's ROB (receiver on board) in lieu of the regular GPS signals. A spoof 
detection system may be able to detect spoofing, but may not provide a correction for spoofing or backup OD in cases 
of spoofing. Often an OD system may be fooled by spoofing and may not even realize spoofing is occurring. The OD 
technology illustrated in FIG. 3 can provide anti-spoofing detection of a co-orbital spoofer and an alternate OD mechanism 
when spoofing occurs. 

[0040] Under many spoofing conditions the OD using Doppler shift information of GPS carriers as generated by the 
OD technology illustrated in FIG. 2 can provide a different result than legacy GPS OD based on pseudo-range. Thus, 
to determine an occurrence of spoofing, range-based OD (e.g., legacy GPS OD) can be compared with Doppler-based 
OD (e.g., Doppler-GPS OD). The range-based OD and the Doppler-based OD can agree to within a small error (or 
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tolerance) when spoofing is not present. If spoofing is detected, the OD technology can test for signs of spoofing from 
a GPS simulator (e.g., stationary simulator), such as amplitude parity, common timing of all signals, and similar tests. 
If a GPS simulator is not detected, then co-orbital spoofer may be assumed. The Doppler processing can reveal a 
position of co-orbital spoofer. 

[0041] FIG. 3 illustrates an orbital determination (OD) device or a receiver-on-board (ROB) 220 for OD of the satellite 
130 or 150 configured to receive global positioning system-generated (GPS-generated) signals 142A-D from multiple 
GPS satellites 140A-D. The GPS-generated signal can use a L1, L2, or L5 band, or any other GPS band used to transmit 
a pseudo-random noise code (PRN or PN code) signal available for commercial of military use (e.g., commercial coarse- 
acguisition (C/A)-type code, a military P(Y)-type code, or an M-type code using a varied GPS signal structure) or other 
carrier of opportunity. 

[0042] In an example, each GPS satellite 140A-D transmits the GPS-generated signal 142A-D (e.g., L1). For simplicity 
of illustration, the GPS-generated signal is referred to as L1, but any carrier of opportunity (e.g., L2 or L5) can be used. 
Four or more GPS satellites can transmit a signal on L1. The ROB 220 decodes ephemeris of the GPS satellite and the 
GPS time for each GPS satellite (via the transceiver 230 or processor 240). The ROB can compute OD (e.g., GPS OD) 
with GPS pseudo-range data. In parallel, the ROB can receive each L1 signal and compute a Doppler shift and a Doppler 
trend of at least one L1 signal. The ROB can combine measurements for OD (Doppler-GPS OD) based on the Doppler 
shift, the Doppler trend, and the GPS ephemeris. In an example, the satellite's time can use the GPS time. The ROB 
can compare the GPS OD with Doppler-GPS to determine if spoofing is occurring. If spoofing is occurring, the ROB can 
check for simulated signals and report a result. If spoofing is not occurring from simulated signals, then the ROB can 
estimate a position of a spoofer using the Doppler-GPS OD and report a result. 

[0043] In another example, a RF receiver can receive an additional "carrier" and Doppler processing can be applied 
to the additional "carrier" The carrier can be from a source of known location. The additional "carrier" can be a dedicated 
signal, similar to a GPS-like PRN signal from a GEO or HEO satellite. If spoofing is detected, the ROB can switch to the 
signal on the additional "carrier" or "carrier of opportunity" for OD. In another example, more than one frequency or 
"carrier of opportunity" may be used to make spoofing or jamming difficult. 

[0044] When using an alternate carrier, various carriers may be broadcast to the satellite (e.g., LEO satellite). The 
carriers can enable the satellite to use a dipole or patch antenna with little directivity. The source can have a stronger 
signal than normally transmitted (e.g., average source). For example, a PRN signal can be relayed through a GEO 
satellite. The signal can use a format similar to a GPS format and encode a position of a source and a relay (e.g., GEO 
satellite). For instance, a tracking and data relay satellite (TDRS) can have a powerful S-band that can close with a low 
directivity antenna. A number of satellites can broadcast at 3 GHz or below that can close. 

[0045] Referring back to FIG. 3, the OD technology (e.g., ROB 220) can include a voting mechanism to compare OD 
from multiple GPS signals with each other. Four or more GPS satellites can transmit a signal on L1. The ROB 220 
decodes ephemeris of the GPS satellite and the GPS time for each GPS satellite (via the transceiver 230 or processor 
240). The ROB can compute OD (e.g., GPS OD) with GPS pseudo-range data. In parallel, the ROB can receive each 
L1 signal and compute a Doppler shift and a Doppler trend. The ROB can combine measurements for OD (Doppler- 
GPS OD) based on the Doppler shift, the Doppler trend, and the GPS ephemeris. In an example, the satellite's time can 
use the GPS time. The ROB can compare each Doppler based OD to the other Doppler OD. Voting can be implemented 
to assess if one or more signals are in error. In an example, the GPS-generated signal can be extended to GPS L2 and 
L5 carriers. The ROB can compare the GPS OD with a selected Doppler-GPS (or composite Doppler-GPS generate via 
voting) to determine if spoofing is occurring. If spoofing is occurring, the ROB can check for simulated signals and report 
a result. If spoofing is not occurring from simulated signals, then the ROB can estimate a position of a spoofer using the 
Doppler-GPS OD and report a result. 

[0046] The OD technology illustrated in FIG. 3 provides detection of GPS spoofing by comparing Doppler derived OD 
and pseudo-range derived OD. The OD technology can test each GPS Doppler as a stand-alone input for OD and 
provide correction of GPS spoofing. In another example, protection of spoofing using Doppler processing of alternate 
carrier (e.g., signal from relay such as tracking and data relay satellite system (TDRSS) or other communication carrier 
of opportunity) can be used. TDRSS is a network of American communications satellites (each satellite is called a TDRS) 
and ground stations used by National Aeronautics and Space Administration (NASA) for space communications. 
[0047] The OD technology has been demonstrated for determination of orbital parameters using a single Doppler 
signal (e.g., from GPS or GEO satellite). The OD technology provides a method to use the trend in Doppler signal 
received from as few as one GPS satellite or other satellite (e.g. GEO satellite) transmitters whose ephemeris is known 
(or encoded in the signal) to determine the orbit of a satellite (e.g. a LEO satellite). 

[0048] A deterministic relationship can exist between the orbital elements of a known satellite (e.g., GPS satellite) and 
a satellite whose orbit is not known (e.g., LEO satellite) using classic Kepler orbital elements. 

[0049] Orbital elements can be the parameters required to uniquely identify a specific orbit. FIGS. 4-6 illustrate diagrams 
of Kepler orbital elements. In orbital mechanics or astronomy, orbital elements can be considered in classical two-body 
systems, where a Kepler orbit is used. The Kepler orbit can be derived from Newton’s laws of motion and Newton’s law 
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of universal gravitation. Various mathematically representations can be used to describe a same orbit, but the various 
representations can each consist of a set of six commonly used parameters. In areal orbit, a satellite (and its elements) 
can change over time due to gravitational perturbations by other objects and the effects of relativity. A Keplerian orbit 
can be an idealized, mathematical approximation at a particular time. 

[0050] The classical orbital elements can include six Keplerian elements based on Kepler’s laws of planetary motion. 
When viewed from an inertial frame, two orbiting bodies (e.g., the Earth 110 and a satellite 302) can trace out distinct 
trajectories. Each of these trajectories can have a focus at the common center of mass. When viewed from the non- 
inertial frame of one body (e.g., Earth), the trajectory of one of the bodies (e.g., satellite) can be apparent. Keplerian 
elements can describe non-inertial trajectories. An orbit can have two sets of Keplerian elements depending on which 
body is used as a point of reference. The reference body can be called the primary, the other body can be called the 
secondary. 

[0051] An ellipse can be used to represent an orbit. Two elements that can define a shape and size of an ellipse can 
be an eccentricity (e) and a semimajor axis (a). The eccentricity (e) can characterize a shape of the ellipse, such as 
describing elongation compared to a circle. The semimajor axis (a) can be the sum of the periapsis (i.e., perigee or 
perihelion) 316 and apoapsis (i.e., apogee) 306 distances divided by two. For circular orbits the semimajor axis is the 
distance between the center of the bodies, not the distance of the bodies to the center of mass. The ellipse representing 
the orbit can be on an orbital plane 310. 

[0052] Two elements that can define the orientation of the orbital plane 310 of the ellipse can be an inclination (e.g.the 
equatorial plane) (I or i) 324 or a longitude of the ascending node (Q) 340. The inclination (I or i) represents the vertical 
tilt of the ellipse with respect to the reference plane, which can be measured at the ascending node 320 (where the orbit 
passes upward through a reference plane 312 or plane of the celestial equator (or ecliptic) when the Earth is used for 
the point of reference). Longitude of the ascending node (Q) can horizontally orient the ascending node of the ellipse 
(where the orbit passes upward through the reference plane) with respect to a reference point or the reference frame’s 
vernal point, referred to as a vernal equinox 314. The intersection between the reference plane 312 and the orbital plane 
310 can be referred to as the line of nodes 308, which can connects the center of mass with the ascending and descending 
nodes. 

[0053] The position of the satellite on the ellipse can be represented by an argument of periapsis (o) and a mean 
anomaly at epoch (Mo). The argument of periapsis (o) defines the orientation of the ellipse in the orbital plane, as an 
angle measured from the ascending node 320 to the periapsis 316 (i.e., a closest point the second body (e.g., Earth) 
comes to the first body (e.g., satellite) during an orbit). The mean anomaly at epoch (Mọ) defines the position of the 
orbiting body (e.g., satellite) along the ellipse at a specific time (the "epoch"). The mean anomaly can be a mathematically 
convenient "angle" which varies linearly with time, but which does not correspond to a real geometric angle. The mean 
anomaly can be converted into the true anomaly (v) 326, which represents a real geometric angle in the plane of the 
ellipse, between periapsis (i.e., closest approach to the central body) and the position of the orbiting object at any given 
time. 

[0054] The angles of inclination, longitude of the ascending node, and argument of periapsis can also be described 
as the Euler angles defining the orientation of the orbit relative to the reference coordinate system. Non-elliptic patra- 
jectories can exist but are not closed and thus are not considered orbits. If the eccentricity is greater than one, the 
trajectory is a hyperbola. If the eccentricity is equal to one and the angular momentum is zero, the trajectory is radial. If 
the eccentricity is one with an angular momentum, the trajectory is a parabola. 

[0055] In another example, the ascending node (AN) 320 is the point in a satellite's orbit where the satellite crosses 
the plane of the celestial eguator (or ecliptic for a sun orbiting object) 312 going north (e.g., towards the north pole 318). 
The argument of perigee (o) 322 is the angle between the ascending node and perigee (or perihelion for sun orbiting 
satellites), measured counter clockwise along the plane of the orbit. The eccentricity (e) can be half of the distance 
between the foci of an ellipse divided by the semi-major axis. The inclination (1) 324 can be the angle between the plane 
of the orbit 310 and the plane of the celestial eguator 312. The mean anomaly can be the angle that a satellite would 
have moved since last passing the perigee assuming that the satellite moved at a constant speed in an orbit on a circle 
of the same area as the actual orbital ellipse. The mean anomaly can be egual to the true anomaly at perigee 316 and 
apogee 306 for elliptical orbits, or at all times for circular orbits. The semi-major axis (a) can be half the distance between 
the periapsis and the apoapsis. 

[0056] In another configuration, the semi-major axis (a) can be a constant defining the size ofthe orbit. The eccentricity 
(e) can be a constant defining the shape of the orbit, where e=0 represents a circular orbit and e<0 represents an elliptical 
orbit. The inclination (i) represents the angle between the eguator 312 and the orbit plane 310. The right ascension of 
the ascending node (O) 340 can be the angle between vernal eguinox 314 and the point (e.g., ascending node 320) 
where the orbit crosses the eguatorial plane. The argument of Perigee (o) 322 can be the angle between the ascending 
node and the orbit's point of closest approach to the earth (perigee 316). The true anomaly (v) can be the angle between 
perigee and the vehicle 302 (in the orbit plane 310). 

[0057] Earth Centered Inertial (ECI) coordinates can be converted to spherical coordinates forthe satellite. For example, 
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the mean motion, n, can be represented by y = 14 where u = 3.986005e14. The mean anomaly, M, can be 
a 
represented by M = n(t-T). The eccentric anomaly, E, can be represented by 


. 1 : 1 | | 
E = M +esin M +5€ sin2M Fee (3sin3M -sinM Ye The true anomaly, v, can be repre- 
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[0058] Using the classic Kepler orbital elements illustrate in FIGS. 4-6 and the analytic derivation of satellite position 
in an ECl) coordinates, shown above, a time derivative of position, representing velocity, can be generated. A useful 
representation converting orbital elements to satellite velocity (in ECI coordinates) follows. 


[0059] In an example, a velocity vector can be represented by 
dx/dt| |V, blLcosE-alsinE | 
dy di = V, = ee bm, cos L — am, sin E , when rand E are constant (e.g., a circle), where b=a(1- 
dz/dt| |V, â bn, cos E —am, sin E 


e2)1/2; |, =cosQcosa-sinQsinacosi, m,-sinOcosa-cosOsin cosi; n,-sinosini; /;--cosOsine-sinOcosocosi; m,=-sinQs- 


ina-cosOcosacosi; and n,=cosæsini. The Doppler frequency fy can be represented by f = tov where f, is a 
d 


C 
d(P-B) 
dt 


of the satellite, P, is the position of the Earth, and c represents a speed of light constant (e.g., 299,792,458 meter per 
second). 

[0060] The Doppler shift can be the carrier frequency divided by c times the magnitude ofthe velocity difference vector 
of two satellites, when each satellite’s velocity is expressed in ECI. The velocity versus time can be calculated for a GPS 
satellite. In an example, the following assumptions can be used: the semi-major axis is 26,560,300 meters (m), the 
inclination is 55 degrees, eccentricity is 0.001393, the mean anomaly is -2.62555 radians (rad), and the argument of 
perigee 2.56865 rad. A Doppler trend over time for a LEO satellite at inclination 45 degrees at an approximately 700 km 
altitude is illustrated in FIGS. 9-11. 

[0061] In an example, a ROB can make an initial determination, estimate, or guess of an orbit, which can be one or 
several determinations, estimates, or guesses. The ROB can compute expected Doppler trend(s). The ROB can measure 
a Doppler trend of a test case and compute a residual. The ROB can determine a sign, an inflection(s), an average, a 
slope, a second derivative of residual(s), and/or a third derivative of residual(s). Multiple methods, such as random trial 
and error, can be used to iterate to a solution. Priority testing can also be used to provide an adaptive approach to iterate 
more quickly to a result. A shape of a measurement or shape of an error can be used to determine an orbital element 
to adjust. For example, a flat error can indicate an error in semi-major axis, which can be a least sensitive parameter. 


carrier frequency (e.g., L1, L2, or L5) and v= in spherical coordinates and where P, is the position 
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An error in mean anomaly can produce a slope. An error in inclination, which can be sensitive parameter (e.g., parameter 
with frequent variation), can produce a much stronger second derivative and an inflection point. An eccentricity error 
can produce more third derivative. 

[0062] A Kalman filter can efficiently estimate values of the unknown orbital elements. The Kalman filter can produce 
estimates of the true values of measurements and their associated calculated values by predicting a value, estimating 
the uncertainty of the predicted value, and computing a weighted average of the predicted value and the measured 
value. The most weight can be given to the value with the least uncertainty. The estimates produced by the Kalman filter 
tend to be closerto the true values than the original measurements because the weighted average has a better estimated 
uncertainty than either of the values that went into the weighted average. Other modules and methods may also be used 
in estimating orbits. 

[0063] FIG. 9 illustrates a diagram of a Doppler shift of global positioning system (GPS) L1 signal 162 for a low Earth 
orbit (LEO) satellite orbit and an estimated Doppler 160 for the LEO satellite orbit measured in Hz 104 over time in 
seconds 102. A 2500 meter error is shown so both the Doppler of the GPS L1 and the estimated Doppler can be seen. 
The eccentricity is small, so eccentricity can be rounded to zero. 

[0064] FIG. 10 illustrates a diagram of a difference (i.e., delta Doppler 164) in a Doppler trend between a low Earth 
orbit (LEO) satellite orbit and an estimated LEO satellite orbit for a 500 meter error in altitude and an approximately 350 
meter (m) anomaly along a track. 

[0065] FIG. 11 illustrates a diagram of a difference (i.e., delta Doppler 166) in a Doppler trend between a low Earth 
orbit (LEO) satellite orbit and an estimated LEO satellite orbit for a 0.1 degree inclination error measured as residual 
error in Doppler estimate (Hz) 106 over time in seconds 102. 

[0066] Basedonthedemonstration, a deterministic relationship can exist between satellite orbital elements and Doppler 
trend. Doppler levels and residuals can be of order that can be estimated in a reasonable time (e.g., real-time). Doppler 
levels and residuals can be comparable to measurements for estimating a LEO satellite from a ground location on the 
Earth. Depending on a guality of an initial determination or guess on an orbit (e.g., cold start), an accurate initial OD can 
take from hundreds of second to thousands of seconds to generate. Once an orbit is estimated, the errors can be 
comparable to ground-basedGPS receiver performance (e.g., within meters from Doppler-GPS OD). 

[0067] A Doppler shift can be a change in a freguency of a wave for an observer, such as a receiver, moving relative 
to the source of the wave, such as a transmitter on a satellite. The motion of the observer, the source, or both can 
generate a change of the freguency. The relative changes in freguency due to the Doppler effect can be explained as 
follows. When the source of the waves is moving toward the observer, each successive wave crest is emitted from a 
position closer to the observer than the previous wave. Therefore, each wave takes slightly less time to reach the observer 
than the previous wave. Thus, the time between the arrival of successive wave crests at the observer is reduced, causing 
an increase in the perceived freguency. Conversely, if the source of waves is moving away from the observer, each 
wave is emitted from a position farther from the observer than the previous wave, so the arrival time between successive 
waves is increased, reducing the perceived freguency. 

[0068] Objects moving at greater velocities relative to each other can provide more accuracy in Doppler measurements 
than objects moving at slower velocities relative to each other. Objects at closer distances to each other can provide 
more accuracy in Doppler measurements than objects at farther distances to each other. The satellite operating in LEO 
or GEO can impose a greater amount of Doppler shift on the GPS-generated signal than a satellite operating in MEO, 
which can have a slower apparent velocity. 

[0069] Each signal received by the satellite and transmitted by the GPS satellite can experience a Doppler shift in 
freguency due to the relative motion between the GPS satellite and the satellite transceiver. Thus, each signal, such as 
the GPS-generated signal can experience a different Doppler shift from each other. 

[0070] Another example provides a method 500 for orbital determination (OD) of a satellite, as shown in the flow chart 
in FIG. 7. The method may be executed as instructions on a machine, computer circuitry, or a processor or a transceiver 
for the orbital determination (OD) device, where the instructions are included on at least one computer readable medium 
or one non-transitory machine readable storage medium. The method includes the operation of receiving a global 
positioning system-generated (GPS-generated) signal from a single GPS satellite, as in block 510. The operation of 
decoding an ephemeris of the GPS satellite from the GPS-generated signal follows, as in block 520. The next operation 
of the method can be determining a Doppler shift and a Doppler trend of the GPS-generated signal, as in block 530. 
The method can further include generating a Doppler-GPS OD using the ephemeris, the Doppler shift, and the Doppler 
trend provided by the GPS-generated signal fit to Kepler orbital elements of an orbit model, as in block 540. 

[0071] In an example, the operation of receiving the GPS-generated signal from the GPS satellite can further include 
receiving a first GPS-generated signal on a first GPS band from the GPS satellite, and receiving a second GPS-generated 
signal on a second GPS band from the GPS satellite. The operation of determining the Doppler shift and the Doppler 
trend of the GPS-generated signal can further include determining a Doppler shift of the first GPS-generated signal, and 
determining a Doppler shift of the second GPS-generated signal. The operation of generating the Doppler-GPS OD can 
further include compensating or correcting the Doppler shift and the Doppler trend for refraction and ionospheric shift 
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by comparing the Doppler shift of the first GPS-generated signal and the Doppler shift of the second GPS-generated 
signal, and refining the Doppler-GPS OD using the compensated or corrected Doppler shift and Doppler trend. 

[0072] In another example, the operation of receiving the GPS-generated signal from the GPS satellite can further 
include receiving a first GPS-generated signal on a first GPS band from the GPS satellite, and receiving a second GPS- 
generated signal on a second GPS band from the GPS satellite. The operation of determining the Doppler shift and the 
Doppler trend of the GPS-generated signal can further include differencing a Doppler shift of the first GPS-generated 
signal from a Doppler shift of the second GPS-generated signal, and Doppler trending the difference. The operation of 
generating the Doppler-GPS OD can further include fitting the Doppler trend to the Kepler orbital elements, wherein the 
Doppler-GPS OD can be generated without a precision local oscillator (LO). 

[0073] Another example provides functionality 600 of computer circuitry of an orbital determination (OD) device for a 
satellite operable to determine a satellite’s orbit, as shown in the flow chartin FIG. 8. The functionality may be implemented 
as a method or the functionality may be executed as instructions on a machine, where the instructions are included on 
at least one computer readable medium or one non-transitory machine readable storage medium. The computer circuitry 
can be configured to receive a single global positioning system-generated (GPS-generated) signal from a GPS satellite, 
as in block 610. The computer circuitry can be further configured to decode an ephemeris of the GPS satellite from the 
GPS-generated signal, as in block 620. The computer circuitry can also be configured to determine a Doppler shift and 
a Doppler trend of the GPS-generated signal, as in block 630. The computer circuitry can further configured to generate 
a Doppler-GPS OD using the ephemeris of the GPS satellite and the Doppler shift and the Doppler trend of the GPS- 
generated signal fit to Kepler orbital elements of an orbit model, as in block 640. 

[0074] In an example, the computer circuitry configured to receive the GPS-generated signal from the GPS satellite 
can be further configured to receive a first GPS-generated signal on a first GPS band (e.g., L1, L2, or L5) from the GPS 
satellite, and receive a second GPS-generated signal on a second GPS band from the GPS satellite. The computer 
circuitry configured to determine the Doppler shift and the Doppler trend of the GPS-generated signal can be further 
configured to determine a Doppler shift of the first GPS-generated signal, and determine a Doppler shift of the second 
GPS-generated signal. The computer circuitry can be further configured to compensate or correct the Doppler shift and 
the Doppler trend for refraction and ionospheric shift by comparing the Doppler shift of the first GPS-generated signal 
and the Doppler shift of the second GPS-generated signal. The computer circuitry configured to generate the Doppler- 
GPS OD can be further configured to refine the Doppler-GPS OD using the compensated or corrected Doppler shift and 
Doppler trend. 

[0075] In another example, the computer circuitry can be further configured to determine a pseudorange from the 
GPS-generated signal. The computer circuitry configured to generate the Doppler-GPS OD can be further configured 
to refine the Doppler-GPS OD using the pseudorange. 

[0076] In another configuration, the computer circuitry can be further configured to receive at least one GPS-generated 
signal from a second GPS satellite, decode an ephemeris of the second GPS satellite from the at least one GPS- 
generated signal, and determine a Doppler shift and a Doppler trend of the at least one GPS-generated signal. The 
computer circuitry configured to generate the Doppler-GPS OD can be further configured to refine the Doppler-GPS OD 
using the ephemeris, the Doppler shift, and the Doppler trend provided by the at least one GPS-generated signal. 
[0077] In another example, the computer circuitry configured to receive the GPS-generated signal from the GPS 
satellite can be further configured to receive a first GPS-generated signal on a first GPS band (e.g., L1, L2, or L5) from 
the GPS satellite, and receive a second GPS-generated signal on a second GPS band from the GPS satellite. The 
computer circuitry configured to determine the Doppler shift and the Doppler trend of the GPS-generated signal can be 
further configured to difference a Doppler shift of the first GPS-generated signal from a Doppler shift of the second GPS- 
generated signal, and Doppler trend the difference. The computer circuitry configured to generate the Doppler-GPS OD 
can be further configured to fit the Doppler trend to the Kepler orbital elements and generate the Doppler-GPS OD 
without a precision local oscillator (LO). 

[0078] In another configuration, the computer circuitry configured to receive the GPS-generated signal from the GPS 
satellite can be further configured to receive a first GPS-generated signal on a first GPS band (e.g., L1, L2, or L5) from 
the GPS satellite, receive a second GPS-generated signal on a second GPS band from the GPS satellite, and receive 
a third GPS-generated signal on a third GPS band from the GPS satellite. The computer circuitry configured to determine 
the Doppler shift and the Doppler trend of the GPS-generated signal can be further configured to difference a Doppler 
shift of two different pairs of the GPS-generated signals, double differencing the two different Doppler shift differences, 
and Doppler trend the double differences to generate a corrected relative Doppler trend. Each different pair can use a 
Doppler shift of the first, second, or third GPS-generated signal not in the other difference. The computer circuitry 
configured to generate the Doppler-GPS OD can be further configured to fit the corrected relative Doppler trend to the 
Kepler orbital elements. Each GPS band can include an L1, L2, or L5 band. 

[0079] In another example, the computer circuitry can be further configured to receive a GPS-generated signal on a 
first GPS band from each of at least four GPS satellites, decode an ephemeris of each of the at least four GPS satellites 
from the respective GPS-generated signals, generate a GPS OD with GPS pseudorange data from the at least four 
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GPS-generated signals, compare the Doppler-GPS OD with the GPS OD to a specified tolerance, and use the Doppler- 
GPS OD when the GPS OD differs from the Doppler-GPS OD beyond the specified tolerance. In another configuration, 
the computer circuitry can be further configured to check for simulated signals when the GPS OD differs from the Doppler- 
GPS OD beyond the specified tolerance and estimate a position of aspoofing device using the Doppler-GPS OD when 
the simulated signals are not used. 

[0080] In another example, the Kepler orbital elements can include an ascending node (AN), an argument of perigee 
(o), an eccentricity (e), an inclination (I), a mean anomaly, or a semi-major axis. 

[0081] Referring back to FIG. 2, the example orbital determination (OD) device or a receiver-on-board (ROB) 220 for 
OD of the satellite (e.g., LEO satellite 130, or GEO or HEO satellite 150) can be configured to receive a global positioning 
system-generated (GPS-generated) signal from a GPS satellite 140 via an antenna 210. The GPS-generated signal can 
use aL1 (144), L2 (146), or L5 (148) band, or any other GPS band used to transmit a pseudo-random noise code (PRN 
or PN code) signal available for commercial of military use (e.g., commercial coarse-acquisition (C/A)-type code, a 
military P(Y)-type code, or an M-type code using a varied GPS signal structure). The OD device or ROB can include a 
transceiver 230 and a processor 240. The OD device or ROB can be configured for OD of the satellite, as described in 
500 of FIG. 7 or 600 of FIG. 8. 

[0082] Referring back to FIG. 3, the example orbital determination (OD) device or a receiver-on-board (ROB) 220 for 
OD of the satellite (e.g., LEO satellite 130, or GEO or HEO satellite 150) can be configured to receive a global positioning 
system-generated (GPS-generated) signal 142A-D from a plurality of GPS satellites 140A-D via an antenna 210. Each 
GPS-generated signal 142A-D can use aL1, L2, or L5 band, or any other GPS band used to transmit a pseudo-random 
noise code (PRN or PN code) signal available for commercial of military use (e.g., commercial coarse-acquisition 
(C/A)-type code, a military P(Y)-type code, or an M-type code using a varied GPS signal structure). 

[0083] In an example, the OD device or ROB 220 can include a transceiver 230 and a processor 240. The transceiver 
can be configured for receiving a global positioning system-generated (GPS-generated) signal on a first GPS band from 
each of at least four GPS satellites. The processor can be configured for decoding an ephemeris of each of the at least 
four GPS satellites from the GPS-generated signals; generating a GPS OD with GPS pseudorange data from the from 
the at least four GPS-generated signals; calculating a Doppler shift and a Doppler trend of at least one GPS-generated 
signal; generating a Doppler-GPS OD using the ephemeris, the Doppler shift, and the Doppler trend provided by the at 
least one GPS-generated signal fit to Kepler orbital elements of an orbit model; and comparing the GPS OD with the 
Doppler-GPS OD. 

[0084] In another example, the processor can be further configured for checking for simulated signals when the GPS 
OD differs from the Doppler-GPS OD beyond a specified tolerance; and estimating a position of a spoofing device using 
the Doppler-GPS OD when simulated signals are not used. In another configuration, the processor can be further 
configured for generating a Doppler-GPS OD for each GPS-generated signal using the ephemeris, the Doppler shift, 
and the Doppler trend provided by each GPS-generated signal fit to Kepler orbital elements of an orbit model; and 
comparing each Doppler-GPS OD with other Doppler-GPS ODs to determine an erroneous GPS-generated signal. 
[0085] In another example, the transceiver can be further configured for receiving a GPS-generated signal on each 
of at least two GPS bands from at least one of the at least four GPS satellites. The processor is further configured for 
calculating a Doppler shift and a Doppler trend of at least two GPS-generated signals on two different GPS bands; 
compensating or correcting the Doppler shift and the Doppler trend for refraction and ionospheric shift by comparing the 
Doppler shift of the two GPS-generated signals, and refining the Doppler-GPS OD using the compensated or corrected 
Doppler shift and Doppler trend. 

[0086] In another configuration, the transceiver is further configured for receiving a GPS-generated signal on each of 
at least two GPS bands from at least one of the at least four GPS satellites. The processor can be further configured 
for differencing a Doppler shift of at least two GPS-generated signals on two different GPS bands; Doppler trending the 
difference; and fitting the Doppler trend of the difference to the Kepler orbital elements, wherein the Doppler-GPS OD 
is generated without a precision local oscillator (LO). The satellite can include a CUBESAT, a picosatellite, a nanosatellite, 
a microsatellite, a low Earth orbit (LEO) satellite, a geostationary Earth orbit (GEO), or a high Earth orbit (HEO) satellite. 
The CUBESAT can weigh less than 5 kilograms. 

[0087] Various techniques, or certain aspects or portions thereof, may take the form of program code (i.e., instructions) 
embodied in tangible media, such as floppy diskettes, CD-ROMs, hard drives, non-transitory computer readable storage 
medium, or any other machine-readable storage medium wherein, when the program code is loaded into and executed 
by a machine, such as a computer, the machine becomes an apparatus for practicing the various techniques. In the 
case of program code execution on programmable computers, the computing device may include a processor, a storage 
medium readable by the processor (including volatile and non-volatile memory and/or storage elements), at least one 
input device, and at least one output device. The volatile and non-volatile memory and/or storage elements may be a 
RAM, EPROM, flash drive, optical drive, magnetic hard drive, or other medium for storing electronic data. The satellite 
may also include a transceiver module, a counter module, a processing module, and/or a clock module or timer module. 
One or more programs that may implement or utilize the various techniques described herein may use an application 
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programming interface (API), reusable controls, and the like. Such programs may be implemented in a high level pro- 
cedural or object oriented programming language to communicate with a computer system. However, the program(s) 
may be implemented in assembly or machine language, if desired. In any case, the language may be a compiled or 
interpreted language, and combined with hardware implementations. 

[0088] It should be understood that many of the functional units described in this specification have been labeled as 
modules, in order to more particularly emphasize their implementation independence. For example, a module may be 
implemented as a hardware circuit comprising custom VLSI circuits or gate arrays, off-the-shelf semiconductors such 
as logic chips, transistors, or other discrete components. A module may also be implemented in programmable hardware 
devices such as field programmable gate arrays, programmable array logic, programmable logic devices or the like. 
[0089] Modules may also be implemented in software for execution by various types of processors. An identified 
module of executable code may, for instance, comprise one or more physical or logical blocks of computer instructions, 
which may, for instance, be organized as an object, procedure, or function. Nevertheless, the executables of an identified 
module need not be physically located together, but may comprise disparate instructions stored in different locations 
which, when joined logically together, comprise the module and achieve the stated purpose for the module. 

[0090] Indeed, a module of executable code may be a single instruction, or many instructions, and may even be 
distributed over several different code segments, among different programs, and across several memory devices. Sim- 
ilarly, operational data may be identified and illustrated herein within modules, and may be embodied in any suitable 
form and organized within any suitable type of data structure. The operational data may be collected as a single data 
set, or may be distributed over different locations including over different storage devices, and may exist, at least partially, 
merely as electronic signals on a system or network. The modules may be passive or active, including agents operable 
to perform desired functions. 

[0091] Reference throughout this specification to "an example" or "exemplary" means that a particular feature, structure, 
or characteristic described in connection with the example is included in at least one embodiment of the present invention. 
Thus, appearances of the phrases "in an example" or the word "exemplary" in various places throughout this specification 
are not necessarily all referring to the same embodiment. 

[0092] While the forgoing examples are illustrative of the principles of the present invention in one or more particular 
applications, it will be apparent to those of ordinary skill in the art that numerous modifications in form, usage and details 
of implementation can be made without the exercise of inventive faculty, and without departing from the principles and 
concepts of the invention. Accordingly, it is not intended that the invention be limited, except as by the claims set forth 
below. 


Claims 


1. An orbital determination, the so-called OD, device (220) for a satellite (130, 150) operable to determine the satellite's 
orbit, the OD device having computer circuitry configured to: 


receive a single global positioning system-generated, the so-called GPS-generated, signal (144, 146, 148) from 
a GPS satellite (140); 

decode an ephemeris of the GPS satellite from the GPS-generated signal; characterised in that the computer 
circuitry is further configured to: 


determine a Doppler shift and a trend of Doppler shift of the GPS-generated signal; and 
generate a Doppler-GPS OD using the ephemeris of the GPS satellite and the Doppler shift and the trend 
of Doppler shift of the GPS-generated signal fit to Kepler orbital elements of an orbit model. 


2. The OD device of claim 1, wherein: 


the computer circuitry configured to receive the GPS-generated signal from the GPS satellite is further configured 
to receive a first GPS-generated signal (144) on a first GPS band from the GPS satellite, and receive a second 
GPS-generated signal (146) on a second GPS band from the GPS satellite; 

the computer circuitry configured to determine the Doppler shift and the trend of Doppler shift of the GPS- 
generated signal is further configured to determine a Doppler shift of the first GPS-generated signal, and de- 
termine a Doppler shift of the second GPS-generated signal; 

the computer circuitry is further configured to compensate or correct the Doppler shift and the trend of Doppler 
shift for refraction and ionospheric shift by comparing the Doppler shift of the first GPS-generated signal and 
the Doppler shift of the second GPS-generated signal; and 

the computer circuitry configured to generate the Doppler-GPS OD is further configured to refine the Doppler- 
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GPS OD using the compensated or corrected Doppler shift and trend of Doppler shift. 


3. The OD device of claim 1, further configured to: 


determine a pseudorange from the from the GPS-generated signal, wherein 
the computer circuitry configured to generate the Doppler-GPS OD is further configured to refine the Doppler- 
GPS OD using the pseudorange. 


4. The OD device of claim 1, further configured to: 


receive at least one GPS-generated signal (142B) from a second GPS satellite (140B); 

decode an ephemeris of the second GPS satellite from the at least one GPS-generated signal; and 
determine a Doppler shift and a trend of Doppler shift ofthe at least one GPS-generated signal, 

wherein the computer circuitry configured to generate the Doppler-GPS OD is further configured to refine the 
Doppler-GPS OD using the ephemeris, the Doppler shift, and the trend of Doppler shift provided by the at least 
one GPS-generated signal. 


5. The OD device of claim 1, wherein: 


the computer circuitry configured to receive the GPS-generated signal from the GPS satellite is further configured 
to: 


receive a first GPS-generated signal (144) on a first GPS band from the GPS satellite, and 
receive a second GPS-generated signal (146) on a second GPS band from the GPS satellite; 


the computer circuitry configured to determine the Doppler shift and the trend of Doppler shift of the GPS- 
generated signal is further configured to: 


difference a Doppler shift of the first GPS-generated signal from a Doppler shift of the second GPS-generated 
signal, and 
trend the difference; and 


the computer circuitry configured to generate the Doppler-GPS OD is further configured to: 
fit the trend of Doppler shift to the Kepler orbital elements and generate the Doppler-GPS OD without a precision 
local oscillator 'LO'. 


6. The OD device of claim 1, wherein: 


the computer circuitry configured to receive the GPS-generated signal from the GPS satellite is further configured 
to: 


receive a first GPS-generated signal (144) on a first GPS band from the GPS satellite, 
receive a second GPS-generated signal (146) on a second GPS band from the GPS satellite, and 


receive a third GPS-generated signal (148) on a third GPS band from the GPS satellite; 


the computer circuitry configured to determine the Doppler shift and the trend of Doppler shift of the GPS- 
generated signal is further configured to: 


difference a Doppler shift of two different pairs of the GPS-generated signals, wherein each different pair 
uses a Doppler shift of the first, second, or third GPS-generated signal not in the other difference, 
double differencing the two different Doppler shift differences, and 
trend the double differences to generate a corrected relative trend of Doppler shift; and 
the computer circuitry configured to generate the Doppler-GPS OD is further configured to: 


fit the corrected relative trend of Doppler shift to the Kepler orbital elements; and 


wherein each GPS band includes an L1, L2, or L5 band. 
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7. The OD device of claim 1, further configured to: 


receive a GPS-generated signal (142A-142D) on a first GPS band from each of at least four GPS satellites 
(140A-140D); 

decode an ephemeris of each of the at least four GPS satellites from the respective GPS-generated signals; 
generate a GPS OD with GPS pseudorange data from the at least four GPS-generated signals; 

compare the Doppler-GPS OD with the GPS OD to a specified tolerance; and 

use the Doppler-GPS OD when the GPS OD differs from the Doppler-GPS OD beyond the specified tolerance; 
and preferably, further configured to: 


check for simulated signals when the GPS OD differs from the Doppler-GPS OD beyond the specified 
tolerance; and 


estimate a position of a spoofing device using the Doppler-GPS OD when the simulated signals are not used. 


8. The OD device of claim 1, wherein the Kepler orbital elements are selected from the group consisting of an ascending 
node (AN), an argument of perigee (o), an eccentricity (e), an inclination (1), amean anomaly, and a semi-major axis. 


9. Amethod for orbital determination, the so-called OD, of a satellite (130, 150), comprising: 
receiving (510) a global positioning system-generated, the so-called GPS-generated, signal (144, 146, 148) 
from a single GPS satellite (140); 
decoding (520) an ephemeris of the GPS satellite from the GPS-generated signal; characterised in that the 
method further comprises: 
determining (530) a Doppler shift and a trend of Doppler shift of the GPS-generated signal; and 
generating (540) a Doppler-GPS OD using the ephemeris, the Doppler shift, and the trend of Doppler shift 
provided by the GPS-generated signal fit to Kepler orbital elements of an orbit model. 
10. The method of claim 9, wherein: 


receiving the GPS-generated signal from the GPS satellite further comprises: 


receiving a first GPS-generated signal (144) on a first GPS band from the GPS satellite, and 
receiving a second GPS-generated signal (146) on a second GPS band from the GPS satellite; 


determining the Doppler shift and the trend of Doppler shift of the GPS-generated signal further comprises: 


determining a Doppler shift of the first GPS-generated signal, and 
determining a Doppler shift of the second GPS-generated signal; and 


generating the Doppler-GPS OD further comprises: 
compensating or correcting the Doppler shift and the trend of Doppler shift for refraction and ionospheric 
shift by comparing the Doppler shift of the first GPS-generated signal and the Doppler shift of the second 
GPS-generated signal, and 
refining the Doppler-GPS OD using the compensated or corrected Doppler shift and trend of Doppler shift; or. 
wherein: 


receiving the GPS-generated signal from the GPS satellite further comprises: 


receiving a first GPS-generated signal (144) on a first GPS band from the GPS satellite, and 
receiving a second GPS-generated signal (146) on a second GPS band from the GPS satellite; 


determining the Doppler shift and the trend of Doppler shift of the GPS-generated signal further comprises: 


differencing a Doppler shift of the first GPS-generated signal from a Doppler shift of the second GPS- 
generated signal, and 
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trending the difference; and 


generating the Doppler-GPS OD further comprises: 
fitting the trend of Doppler shift to the Kepler orbital elements, wherein the Doppler-GPS OD can be generated 
without a precision local oscillator 'LO'. 


11. At least one non-transitory machine readable storage medium comprising a plurality of instructions adapted to be 
executed to implement the method of claim 9. 


12. A receiver-on-board, the so-called ROB, (220) for a satellite (130, 150) for orbital determination, the so-called OD, 
of the satellite, the ROB comprising: 


a transceiver (230) for receiving a global positioning system-generated, the so-called GPS-generated, signal 
(142A-142D) on a first GPS band from each of at least four GPS satellites (140A-140D); and 
a processor (240) configured for: 


decoding an ephemeris of each of the at least four GPS satellites from the GPS-generated signals, 
generating a GPS OD with GPS pseudorange data from the from the at least four GPS-generated signals, 
characterised in that the processor is further configured for: 


calculating a Doppler shift and a trend of Doppler shift of at least one GPS-generated signal, 
generating a Doppler-GPS OD using the ephemeris, the Doppler shift, and the trend of Doppler shift 
provided by the at least one GPS-generated signal fit to Kepler orbital elements of an orbit model, and 
comparing the GPS OD with the Doppler-GPS OD. 


13. The ROB of claim 12, wherein the processor is further configured for: 
checking for simulated signals when the GPS OD differs from the Doppler-GPS OD beyond a specified tolerance; 
and 
estimating a position of a spoofing device using the Doppler-GPS OD when simulated signals are not used; or 

wherein the processor is further configured for: 

generating a Doppler-GPS OD for each GPS-generated signal using the ephemeris, the Doppler shift, and the 
trend of Doppler shift provided by each GPS-generated signal fit to Kepler orbital elements of an orbit model; and 
comparing each Doppler-GPS OD with other Doppler-GPS ODs to determine an erroneous GPS-generated 
signal. 

14. The ROB of claim 12, wherein: 


the transceiver is further configured for: 


receiving a GPS-generated signal on each of at least two GPS bands from at least one of the at least four 
GPS satellites; and 


the processor is further configured for: 


calculating a Doppler shift and a trend of Doppler shift of atleasttwo GPS-generated signals on two different 
GPS bands, 

compensating or correcting the Doppler shift and the trend of Doppler shift for refraction and ionospheric 
shift by comparing the Doppler shift of the two GPS-generated signals, and 

refining the Doppler-GPS OD using the compensated or corrected Doppler shift and trend of Doppler shift; or 


wherein: 
the transceiver is further configured for: 


receiving a GPS-generated signal on each of at least two GPS bands from at least one of the at least four GPS 
satellites; and 
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the processor is further configured for: 


differencing a Doppler shift of at least two GPS-generated signals on two different GPS bands, 
trending the difference, and 

5 fitting the trend of Doppler shift of the difference to the Kepler orbital elements, wherein the Doppler-GPS 
OD is generated without a precision local oscillator LO’. 


15. The ROB of claim 12, wherein the satellite is selected from the group consisting of a CUBESAT, a picosatellite, a 
nanosatellite, a microsatellite, a low Earth orbit LEO’ satellite, a geostationary Earth orbit 'GEO', and a high Earth 
10 orbit 'HEO' satellite, wherein the CUBESAT weighs less than 5 kilograms. 


Patentanspriiche 


15 1. Vorrichtung (220) zur Umlaufbahnbestimmung, der sogenannten OD, für einen Satelliten (130, 150), welche betrie- 
ben werden kann, um die Satellitenumlaufbahn zu bestimmen, wobei die OD-Vorrichtung Computerschaltkreise 
aufweist, welche konfiguriert sind, zum: 


Empfangen eines einzelnen Signals (144, 146, 148), welches mittels eines globalen Positionssystems, des 
20 sogenannten GPS, von einem GPS-Satelliten (140) erzeugt wird; 

Dekodieren einer Ephemeride des GPS-Satelliten aus dem GPS-erzeugten Signal; dadurch gekennzeichnet, 

dass die Computerschaltkreise ferner konfiguriert sind, zum: 


Bestimmen einer Dopplerverschiebung und eines Trends der Dopplerverschiebung des GPS-erzeugten 
25 Signals; und 

Erzeugen einer Doppler-GPS-OD durch Verwenden der Ephemeriden des GPS-Satelliten und der Dopp- 

lerverschiebung und des Trends der Dopplerverschiebung des GPS-erzeugten Signals, welche an Kepler- 

orbitalelementen eines Orbitalmodells angepasst sind. 


30 2. OD-Vorrichtung nach Anspruch 1, wobei: 


die Computerschaltkreise, welche konfiguriert sind, um das GPS-erzeugte Signal vom GPS-Satelliten zu emp- 
fangen, ferner konfiguriert sind, um ein erstes GPS-erzeugtes Signal (144) auf einem ersten GPS-Band vom 
GPS-Satelliten zu empfangen, und um ein zweites GPS-erzeugtes Signal (146) auf einem zweiten GPS-Band 

35 vom GPS-Satelliten zu empfangen; 
die Computerschaltkreise, welche konfiguriert sind, um die Dopplerverschiebung und den Trend der Doppler- 
verschiebung des GPS-erzeugten Signals zu bestimmen, ferner konfiguriert sind, um eine Dopplerverschiebung 
des ersten GPS-erzeugten Signals und eine Dopplerverschiebung des zweiten GPS-erzeugten Signals zu 
bestimmen; 

40 die Computerschaltkreise ferner konfiguriert sind, um die Dopplerverschiebung und den Trend der Dopplerver- 
schiebung für Refraktion und ionosphärische Verschiebung durch Vergleich der Dopplerverschiebung des ers- 
ten GPS-erzeugten Signals mit der Dopplerverschiebung des zweiten GPS-erzeugten Signals zu kompensieren 
oder zu korrigieren; und 
die Computerschaltkreise, welche konfiguriert sind, um die Doppler-GPS-OD zu erzeugen ferner konfiguriert 

45 sind, um die Doppler-GPS-OD zu verfeinern, indem die kompensierten oder korrigierten Dopplerverschiebung 
und Trend der Dopplerverschiebung verwendet werden. 


3. OD-Vorrichtung nach Anspruch 1, ferner konfiguriert zum: 


50 Bestimmen einer Pseudoentfernung vom GPS-erzeugten Signal, wobei 
die Computerschaltkreise, welche konfiguriert sind, um die Doppler-GPS-OD zu erzeugen, ferner konfiguriert 
sind, um die Doppler-GPS-OD durch Verwendung der Pseudoentfernung zu verfeinern. 


4. OD-Vorrichtung nach Anspruch 1, ferner konfiguriert zum: 
55 
Empfangen zumindest eines GPS-erzeugten Signals (142B) von einem zweiten GPS-Satelliten (140B); 
Dekodieren einer Ephemeride des zweiten GPS-Satelliten von dem zumindest einen GPS-erzeugten Signal; und 
Bestimmen einer Dopplerverschiebung und eines Trends der Dopplerverschiebung des zumindest einen GPS- 


18 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


EP 3 003 861 B1 


erzeugten Signals, 

wobei die Computerschaltkreise, welche konfiguriert sind, um die Doppler-GPS-OD zu erzeugen, ferner konfi- 
guriert sind, um die Doppler-GPS-OD durch Verwendung der Ephemeriden, der Dopplerverschiebung und des 
Trends der Dopplerverschiebung zu verfeinern, welche durch das zumindest eine GPS-erzeugte Signal bereit- 
gestellt werden. 


5. OD-Vorrichtung nach Anspruch 1, wobei: 


die Computerschaltkreise, welche konfiguriert sind, um das GPS-erzeugte Signal vom GPS-Satelliten zu emp- 
fangen, ferner konfiguriert sind zum: 


Empfangen eines ersten GPS-erzeugten Signals (144) auf einem ersten GPS-Band vom GPS-Satelliten, 
und 
Empfangen eines zweiten GPS-erzeugten Signals (146) auf einem zweiten GPS-Band vom GPS-Satelliten; 


die Computerschaltkreise, welche konfiguriert sind, um die Dopplerverschiebung und den Trend der Doppler- 
verschiebung des GPS-erzeugten Signals zu bestimmen, ferner konfiguriert sind, zum: 


Unterscheiden einer Dopplerverschiebung des ersten GPS-erzeugten Signals von einer Dopplerverschie- 
bung des zweiten GPS-erzeugten Signals, und Bilden des Trends des Unterschieds; und 

die Computerschaltkreise, welche konfiguriert sind, um die Doppler-GPS-OD zu erzeugen ferner konfiguriert 
sind zum: 

Anpassen des Trends der Dopplerverschiebung an die Keplerorbitalelemente und Erzeugen der Doppler- 
GPS-OD ohne einen präzisen lokalen Oszillator "LO". 


6. OD-Vorrichtung nach Anspruch 1, wobei: 


die Computerschaltkreise, welche konfiguriert sind, um das GPS-erzeugte Signal vom GPS-Satelliten zu emp- 
fangen, ferner konfiguriert sind zum: 


Empfangen eines ersten GPS-erzeugten Signals (144) auf einem ersten GPS-Band vom GPS-Satelliten, 
Empfangen eines zweiten GPS-erzeugten Signals (146) auf einem zweiten GPS-Band vom GPS-Satelliten, 
und 

Empfangen eines dritten GPS-erzeugten Signals (148) auf einem dritten GPS-Band vom GPS-Satelliten; 


die Computerschaltkreise, welche konfiguriert sind, um die Dopplerverschiebung und den Trend der Doppler- 
verschiebung des GPS-erzeugten Signals zu bestimmen, ferner konfiguriert sind, zum: 


Unterscheiden einer Dopplerverschiebung von zwei unterschiedlichen Paaren von GPS-erzeugten Signa- 
len, wobei jedes unterschiedliche Paar eine Dopplerverschiebung des ersten, zweiten oder dritten GPS- 
erzeugten Signals verwendet, welche nicht im anderen Unterschied ist, 

doppeltes Unterscheiden der zwei unterschiedlichen Dopplerverschiebungsunterschiede, und 

Bilden eines Trends der doppelten Unterschiede, um einen korrigierten relativen Trend der Dopplerver- 
schiebung zu erzeugen; und 

die Computerschaltkreise, welche konfiguriert sind, um die Doppler-GPS-OD zu erzeugen, ferner konfigu- 
riert sind, zum: 


Anpassen des korrigierten relativen Trends der Dopplerverschiebung an die Keplerorbitalelementen; 
und 
wobei jedes GPS-Band ein L1-, L2- oder L5-Band umfasst. 


7. OD-Vorrichtung nach Anspruch 1, ferner konfiguriert zum: 


Empfangen eines GPS-erzeugten Signals (142A-142D) auf einem ersten GPS-Band von jedem von zumindest 
vier GPS-Satelliten (140A-140D); 

Dekodieren einer Ephemeride jedes der zumindest vier GPS-Satelliten von den jeweiligen GPS-erzeugten 
Signalen; 

Erzeugen einer GPS-OD mit GPS-Pseudoentfernungsdaten von den zumindest vier GPS-erzeugten Signalen; 
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Vergleichen der Doppler-GPS-OD mit der GPS-OD mit einer bestimmten Toleranz; und 

Verwenden der Doppler-GPS-OD, wenn sich die GPS-OD von der Doppler-GPS-OD über die bestimmte To- 
leranz unterscheidet; und 

vorzugsweise, ferner konfiguriert zum: 


Überprüfen auf simulierte Signale, wenn die GPS-OD sich von der Doppler-GPS-OD über die bestimmte 
Toleranz unterscheidet; und 

Schätzen einer Position einer Spoofing-Vorrichtung durch Verwendung der Doppler-GPS-OD, wenn die 
simulierten Signale nicht verwendet werden. 


8. OD-Vorrichtung nach Anspruch 1, wobei die Keplerorbitalelemente aus der Gruppe ausgewählt sind, bestehend 


aus einem aufsteigenden Knoten (AN), ein Argument des Perigäums (o), eine Exzentrizitât (e), eine Neigung (l), 
eine mittlere Anomalie und eine große Halbachse. 


9. Verfahren zur Umlaufbahnbestimmung, die sogenannte OD, eines Satelliten (130, 150), umfassend: 


Empfangen (510) eines Signals (144, 146, 148), welches mittels eines globalen Positionssystems, des soge- 
nannten GPS, von einem GPS-Satelliten (140) erzeugt wird; 

Dekodieren (520) einer Ephemeride des GPS-Satelliten aus dem GPS-erzeugten Signal; dadurch gekenn- 
zeichnet, dass das Verfahren ferner umfasst: 


Bestimmen (530) einer Dopplerverschiebung und eines Trends der Dopplerverschiebung des GPS-erzeug- 
ten Signals; und 

Erzeugen (540) einer Doppler-GPS-OD durch Verwenden der Ephemeride, der Dopplerverschiebung und 
des Trends der Dopplerverschiebung, welche vom GPS-erzeugten Signal bereitgestellt werden, welche 
an Keplerorbitalelementen eines Orbitalmodells angepasst sind. 


10. Verfahren nach Anspruch 9, wobei: 
das Empfangen des GPS-erzeugten Signals vom GPS-Satelliten ferner umfasst: 


Empfangen eines ersten GPS-erzeugten Signals (144) auf einem ersten GPS-Band vom GPS-Satelliten, 
und 
Empfangen eines zweiten GPS-erzeugten Signals (146) auf einem zweiten GPS-Band vom GPS-Satelliten; 


das Bestimmen der Dopplerverschiebung und des Trends der Dopplerverschiebung des GPS-erzeugten Signals 
ferner umfasst: 


Bestimmen einer Dopplerverschiebung des ersten GPS-erzeugten Signals, 
und 
Bestimmen einer Dopplerverschiebung des zweiten GPS-erzeugten Signals; und 


das Erzeugen der Doppler-GPS-OD ferner umfasst: 


Kompensieren oder Korrigieren der Dopplerverschiebung und des Trends der Dopplerverschiebung für 
Refraktion und ionosphärische Verschiebung durch Vergleichen der Dopplerverschiebung des ersten GPS- 
erzeugten Signals mit der Dopplerverschiebung des zweiten GPS-erzeugten Signals, 

und 

Verfeinern der Doppler-GPS-OD durch Verwendung der kompensierten oder korrigierten Dopplerverschie- 
bung und Trend der Dopplerverschiebung; oder, wobei: 

das Empfangen des GPS-erzeugten Signals vom GPS-Satelliten ferner umfasst: 


Empfangen eines ersten GPS-erzeugten Signals (144) auf einem ersten GPS-Band vom GPS-Satel- 
liten, und 
Empfangen eines zweiten GPS-erzeugten Signals (146) auf einem zweiten GPS-Band vom GPS- 
Satelliten; 


das Bestimmen der Dopplerverschiebung und des Trends der Dopplerverschiebung des GPS-erzeugten 
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Signals ferner umfasst: 


Unterscheiden einer Dopplerverschiebung des ersten GPS-erzeugten Signals von einer Dopplerver- 
schiebung des zweiten GPS-erzeugten Signals, 

und 

Bilden eines Trends des Unterschieds; und 


das Erzeugen der Doppler-GPS-OD ferner umfasst: 
Anpassen des Trends der Dopplerverschiebung an die Keplerorbitalelemente, wobei die Doppler-GPS-OD 
ohne einen präzisen lokalen Oszillator "LO" erzeugt werden kann. 


11. Zumindest ein nichttransitorisches maschinenlesbares Speichermedium, umfassend eine Mehrzahl von Anweisun- 
gen, welche ausgeführt werden können, um das Verfahren nach Anspruch 9 zu implementieren. 


12. Empfänger an Bord, der sogenannte ROB, (220) für einen Satelliten (130, 150) zur Umlaufbahnbestimmung, die 
sogenannte OD, des Satelliten, wobei der ROB umfasst: 


einen Transceiver (230) zum Empfangen eines Signals (142A-142D), welches mittels eines globalen Positi- 
onssystems, des sogenannten GPS, aufeinem ersten GPS-Band von jedem von zumindest vier GPS-Satelliten 
(140A-140D); und 

einen Prozessor (240), welcher konfiguriert ist, zum: 


Dekodieren einer Ephemeride jedes der zumindest vier GPS-Satelliten von den GPS-erzeugten Signalen, 
Erzeugen einer GPS-OD mit GPS-Pseudoentfernungsdaten von den zumindest vier GPS-erzeugten Sig- 
nalen, 

dadurch gekennzeichnet, dass der Prozessor ferner konfiguriert ist, zum: 


Berechnen einer Dopplerverschiebung und eines Trends der Dopplerverschiebung von zumindest 
einem GPS-erzeugten Signal, 

Erzeugen einer Doppler-GPS-OD durch Verwendung der Ephemeride, der Dopplerverschiebung, und 
des Trends der Dopplerverschiebung, welche durch das zumindest eine GPS-erzeugte Signal bereit- 
gestellt sind, welche an die Keplerorbitalelemente eines Orbitalmodells angepasst sind, und 
Vergleichen des GPS-OD mit der Doppler-GPS-OD. 


13. ROB nach Anspruch 12, wobei der Prozessor ferner konfiguriert ist, zum: 


Überprüfen auf simulierte Signale, wenn sich die GPS-OD über eine bestimmte Toleranz von der Doppler-GPS- 
OD unterscheidet; und 

Schätzen einer Position einer Spoofing-Vorrichtung durch Verwenden der Doppler-GPS-OD, wenn simulierte 
Signale nicht verwendet werden; oder 

wobei der Prozessor ferner konfiguriert ist zum: 


Erzeugen einer Doppler-GPS-OD für jedes GPS-erzeugte Signal durch Verwenden der Ephemeride, der 
Dopplerverschiebung, und des Trends der Dopplerverschiebung, welche durch jedes GPS-erzeugte Signal 
bereitgestellt werden, welches an die Keplerorbitalelemente eines Orbitalmodells angepasst ist; und 
Vergleichen jeder Doppler-GPS-OD mit anderen Doppler-GPS-OD, um ein fehlerhaftes GPS-erzeugtes 
Signal zu bestimmen. 

14. ROB nach Anspruch 12, wobei: 

der Transceiver ferner konfiguriert ist, zum: 

Empfangen eines GPS-erzeugten Signals auf jedem von zumindest zwei GPS-Bänder von zumindest einem 
der zumindest vier GPS-Satelliten; 


und 


der Prozessor ferner konfiguriert ist zum: 
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Berechnen einer Dopplerverschiebung und eines Trends der Dopplerverschiebung von zumindest zwei 
GPS-erzeugten Signalen auf zwei unterschiedliche GPS-Bänder, 

Kompensieren oder Korrigieren der Dopplerverschiebung und des Trends der Dopplerverschiebung für 
Refraktion und ionosphärische Verschiebung durch Vergleichen der Dopplerverschiebung der zwei GPS- 
erzeugten Signale, und 

Verfeinern der Doppler-GPS-OD durch Verwenden der kompensierten oder korrigierten Dopplerverschie- 
bung und dem Trend der Dopplerverschiebung; oder wobei: 


der Transceiver ferner konfiguriert ist, zum: 


Empfangen eines GPS-erzeugten Signals auf jedem der zumindest zwei GPS-Bänder von zumindest einem 
der zumindest vier GPS-Satelliten; 
und 


wobei der Prozessor ferner konfiguriert ist, zum: 


Unterscheiden einer Dopplerverschiebung von zumindest zwei GPS-erzeugten Signalen auf zwei unter- 
schiedlichen GPS-Bändern, 

Bilden eines Trends des Unterschieds, und 

Anpassen des Trends der Dopplerverschiebung des Unterschieds an die Keplerorbitalelemente, wobei die 
Doppler-GPS-OD ohne einen präzisen lokalen Oszillator "LO" erzeugt wird. 


15. ROB nach Anspruch 12, wobei der Satellit aus der Gruppe ausgewählt ist, bestehend aus einem CUBESAT, einem 
Picosatelliten, einem Nanosatelliten, einen Mikrosatelliten, einem Niedrigumlaufbahnsatelliten "LEO", einem geo- 
stationärem Satelliten "GEO", und einem Hochumlaufbahnsatelliten "HEO", wobei der CUBESAT Satellit weniger 
als 5 Kilogramm wiegt. 


Revendications 


1. Dispositif de détermination orbitale, dite DO, (220) destiné à un satellite (130, 150) exploitable pour déterminer 
l’orbite du satellite, le dispositif DO comportant des circuits informatiques conçus pour : 


recevoir un seul signal (144, 146, 148), généré par un systême de gêo-positionnement par satellite, appelê 
GPS, provenant d’un satellite GPS (140) ; 

décoder une éphéméride du satellite GPS à partir du signal généré par GPS ; 

caractérisé en ce que les circuits informatiques sont en outre congus pour: 


déterminer un décalage Doppler et une orientation du décalage Doppler du signal généré par GPS ; et 
générer une DO Doppler-GPS à l’aide de l’'éphéméride du satellite GPS, du décalage Doppler et de l’orien- 
tation du décalage Doppler du signal généré par GPS ajusté a des éléments orbitaux de Kepler d’un modele 
orbital. 


2. Dispositif OD selon la revendication 1, dans lequel : 


les circuits informatiques congus pour recevoir le signal généré par GPS du satellite GPS sont en outre concus 
pour recevoir un premier signal (144) généré par GPS dans une premiére bande GPS du satellite GPS, et 
recevoir un deuxième signal (146) généré par GPS dans une deuxième bande GPS du satellite GPS ; 

les circuits informatiques conçus pour déterminer le décalage Doppler et l’orientation du décalage Doppler du 
signal généré par GPS sont en outre concus pour déterminer un décalage Doppler du premier signal généré 
par GPS, et pour déterminer un décalage Doppler du deuxiéme signal généré par GPS ; 

les circuits informatiques sont en outre congus pour compenser ou corriger le décalage Doppler et l’orientation 
du décalage Doppler pour la réfraction et le décalage ionosphérique en comparant le décalage Doppler du 
premier signal généré par GPS et le décalage Doppler du deuxiéme signal généré par GPS ; et 

les circuits informatiques concus pour générer la DO Doppler-GPS sont en outre concus pour affiner la DO 
Doppler-GPS en utilisant le décalage Doppler et l’orientation du décalage Doppler compensés ou corriges. 


3. Dispositif DO selon la revendication 1, conçu en outre pour: 
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determiner une pseudo-distance a partir du signal généré par GPS, 
les circuits informatiques conçus pour générer la DO Doppler-GPS étant en outre conçus pour affiner la DO 
Doppler-GPS en utilisant la pseudo-distance. 


4. Dispositif DO selon la revendication 1, conçu en outre pour : 


recevoir au moins un signal (142B) généré par GPS provenant d’un deuxième satellite GPS (140B) ; 
décoder une éphéméride du deuxième satellite GPS à partir de l’au moins un signal généré par GPS ; et 
déterminer un décalage Doppler et une orientation du décalage Doppler de l’au moins un signal généré par GPS, 
les circuits informatiques conçus pour générer la DO Doppler-GPS étant en outre conçus pour affiner la DO 
Doppler-GPS en utilisant l’'éphéméride, le décalage Doppler, et l'orientation du décalage Doppler fournis par 
l’au moins un signal généré par GPS. 


5. Dispositif DO selon la revendication 1, dans lequel : 


les circuits informatiques conçus pour recevoir le signal généré par GPS provenant du satellite GPS sont en 
outre conçus pour : 


recevoir un premier signal (144) généré par GPS dans une première bande GPS du satellite GPS, et 
recevoir un deuxième signal (146) généré par GPS dans une deuxième bande GPS du satellite GPS ; 


les circuits informatiques conçus pour déterminer le décalage Doppler et l'orientation du décalage Doppler du 
signal généré par GPS étant en outre conçus pour : 


différencier un décalage Doppler du premier signal généré par GPS et un décalage Doppler du deuxième 
signal généré par GPS, et 

orienter la différence ; et 

les circuits informatiques conçus pour générer la DO Doppler-GPS sont en outre conçus pour : 


ajuster l'orientation du décalage Doppler aux éléments orbitaux de Kepler et 
générer la DO Doppler-GPS sans un oscillateur local de précision ’LO’. 


6. Dispositif DO selon la revendication 1, dans lequel : 


les circuits informatiques conçus pour recevoir le signal généré par GPS provenant du satellite GPS sont en 
outre conçus pour : 


recevoir un premier signal (144) généré par GPS dans une première bande GPS du satellite GPS, 
recevoir un deuxième signal (146) généré par GPS dans une deuxième bande GPS du satellite GPS, et 


recevoir un troisième signal (148) généré par GPS dans une troisième bande GPS du satellite GPS ; 


les circuits informatiques conçus pour déterminer le décalage Doppler et l'orientation du décalage Doppler du 
signal généré par GPS sont en outre conçus pour : 


différencier un décalage Doppler de deux paires différentes des signaux générés par GPS, chaque paire 
différente utilisant un décalage Doppler du premier, deuxième ou troisième signal généré par GPS qui n’est 
pas dans l’autre différence, 

différencier doublement les deux différences de décalage Doppler différentes, et 

orienter les doubles différences pour générer une orientation relative corrigée du décalage Doppler ; et 


les circuits informatiques conçus pour générer la DO Doppler-GPS sont en outre conçus pour : 


ajuster l'orientation relative corrigée du décalage Doppler aux éléments orbitaux de Kepler ; et 
chaque bande GPS comprenant une bande L1, L2 ou L5. 


7. Dispositif DO selon la revendication 1, conçu en outre pour : 


recevoir un signal (142A-142D) généré par GPS dans une première bande GPS provenant de chacun d’au 
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moins quatre satellites GPS (140A-140D) ; 

décoder une éphéméride de chacun des au moins quatre satellites GPS à partir des signaux respectifs générés 
par GPS ; 

générer une DO de GPS avec des données de pseudo-distance GPS à partir des au moins quatre signaux 
générés par GPS ; 

comparer la DO Doppler-GPS avec la DO du GPS à une tolérance spécifiée ; et 

utiliser la DO Doppler-GPS lorsque la DO GPS diffère de la DO Doppler-GPS au-delà de la tolérance spécifiée ; et 
de préférence conçu en outre pour : 


vérifier les signaux simulés lorsque la DO GPS diffère de la DO Doppler-GPS au-delà de la tolérance 
spécifiée; et 

estimer une position d’un dispositif d’usurpation utilisant la DO Doppler-GPS lorsque les signaux simulés 
ne sont pas utilisés. 


8. Dispositif DO selon la revendication 1, dans lequel les éléments orbitaux de Kepler sont choisis dans le groupe 


constitué d’un noeud ascendant (AN), d’un argument de périgée (o), d’une excentricité (e), d’une inclinaison (I), 
d'une anomalie moyenne et d’un demi-grand axe. 


9. Procédé de détermination orbitale, dite DO, d’un satellite (130, 150), comprenant : 


la réception (510) d’un signal (144, 146, 148), généré par le système de géo-positionnement par satellite, appelé 
GPS, provenant d'un seul satellite GPS (140) ; 

le décodage (520) d'une éphéméride du satellite GPS à partir du signal généré par GPS ; 

caractérisé en ce que le procédé comprend en outre : 


la détermination (530) d'un décalage Doppler et d’une orientation du décalage Doppler du signal généré 
par GPS ; et 

la génération (540) d'une DO Doppler-GPS à l’aide de l'éphéméride, du décalage Doppler et de l'orientation 
du décalage Doppler fournis par le signal généré par GPS ajusté aux éléments orbitaux de Kepler d’un 
modèle orbital. 


10. Procédé selon la revendication 9, dans lequel : 


la réception du signal généré par GPS provenant du satellite GPS comprend en outre : 

la réception d’un premier signal (144) généré par GPS dans une première bande GPS du satellite GPS, et 

la réception d’un deuxième signal (146) généré par GPS dans une deuxième bande GPS du satellite GPS ; 
la détermination du décalage Doppler et de l'orientation du décalage Doppler du signal généré par GPS com- 
prend en outre : 


la détermination d’un décalage Doppler du premier signal généré par GPS, et 
la détermination d’un décalage Doppler du deuxième signal généré par GPS ; et 
la génération de la DO Doppler-GPS comprend en outre : 


la compensation ou la correction du décalage Doppler et de l'orientation du décalage Doppler pour la 
réfraction et le décalage ionosphérique par comparaison du décalage Doppler du premier signal généré 
par GPS et du décalage Doppler du deuxième signal généré par GPS, et 

l’affinage de la DO Doppler-GPS à l’aide du décalage Doppler et de l'orientation du décalage Doppler 
compensés ou corrigés ; ou 


dans lequel : 
la réception du signal généré par GPS provenant du satellite GPS comprend en outre : 


la réception d’un premier signal (144) généré par GPS dans une première bande GPS du satellite GPS, et 
la réception d’un deuxième signal (146) généré par GPS dans une deuxième bande GPS du satellite GPS ; 


la détermination du décalage Doppler et de l'orientation du décalage Doppler du signal généré par GPS com- 
prend en outre : 
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la differenciation d’un décalage Doppler du premier signal généré par GPS et d’un décalage Doppler du 
deuxieme signal généré par GPS, et 

I'orientation de la difference ; et 

la generation de la DO Doppler-GPS comprend en outre : 


l’ajustement de l’orientation du décalage Doppler aux éléments orbitaux de Kepler, 
la DO Doppler-GPS pouvant être générée sans oscillateur local de précision 'LO'. 


11. Au moins un support de stockage non transitoire lisible par machine, comprenant une pluralité d'instructions adaptées 
pour étre exécutées afin de mettre en oeuvre le procédé selon la revendication 9. 


12. Récepteur embarqué, appelé ROB, (220) destiné a un satellite (130, 150) pour effectuer une détermination orbitale, 
dite DO, du satellite, le ROB comprenant : 


un émetteur-récepteur (230) destiné à recevoir un signal (142A-142D) généré par un systeme de géo-position- 
nement par satellite, appelê GPS, dans une premiere bande GPS de chacun d’au moins quatre satellites GPS 
(140A-140D) ; et 

un processeur (240) concu pour: 


décoder une éphéméride de chacun des au moins quatre satellites GPS a partir des signaux générés par 
GPS, 

generer une DO de GPS avec des données de pseudo-distances GPS a partir des au moins quatre signaux 
gênêrês par GPS, 

caractérisé en ce que le processeur est en outre conçu pour : 


calculer un dêcalage Doppler et une orientation du dêcalage Doppler d'au moins un signal gênerê par 
GPS, 

générer une DO Doppler-GPS â l’aide de l’eph&meride, du Doppler et de l’orientation du décalage 
Doppler fournis par l'au moins un signal généré par GPS ajusté aux éléments orbitaux de Kepler d’un 
modêle orbital, et 

comparer la DO GPS avec la DO Doppler-GPS. 


13. ROB selon la revendication 12, dans lequel le processeur est en outre congu pour: 


vérifier des signaux simulês lorsque la DO GPS diffère de la DO Doppler-GPS au-delà d’une tolérance spécifiée ; 
et 

estimer une position d'un dispositif d'usurpation utilisant la DO Doppler-GPS lorsque des signaux simulês ne 
sont pas utilisês ; ou 

le processeur est en outre conçu pour: 


générer une DO Doppler-GPS pour chaque signal généré par GPS à l’aide de l’éphéméride, du décalage 
Doppler et de l'orientation du décalage Doppler fournis par chaque signal généré par GPS ajusté aux 
éléments orbitaux de Kepler d’un modèle orbital ; et 

comparer chaque DO Doppler-GPS avec d’autres DO Doppler-GPS pour déterminer un signal erroné 
généré par GPS. 


14. ROB selon la revendication 12, dans lequel : 
l’emetteur-r&cepteur est en outre conçu pour: 
recevoir un signal généré par GPS dans chacune d’au moins deux bandes GPS de l’un au moins des au 
moins quatre satellites GPS ; et 
le processeur est en outre conçu pour : 
calculer un décalage Doppler et une orientation du décalage Doppler d’au moins deux signaux générés 
par GPS dans deux bandes GPS différentes, 


compenser ou corriger le décalage Doppler et l'orientation du décalage Doppler pour la réfraction et 
le déplacement ionosphérique en comparant le décalage Doppler des deux signaux générés par GPS, et 
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affiner la DO Doppler-GPS en utilisant le décalage Doppler et l’orientation du décalage Doppler com- 
pensés ou corrigés ; ou 


dans lequel : 
l’emetteur-r&cepteur est en outre conçu pour: 


recevoir un signal généré par GPS dans chacune d'au moins deux bandes GPS de l’un au moins des au 
moins quatre satellites GPS ; et 
le processeur est en outre conçu pour: 


différencier un décalage Doppler d’au moins deux signaux générés par GPS dans deux bandes GPS 
différentes, 

orienter la différence, et 

a l'orientation du décalage Doppler de la différence aux éléments orbitaux de Kepler, la DO Doppler- 
GPS étant générée sans oscillateur local de précision 'LO'. 


15. ROB selon la revendication 12, dans lequel le satellite est choisi dans le groupe constitué d’un CUBESAT, d’un 


picosatellite, d’un nanosatellite, d’un microsatellite, d’un satellite LEO’ à orbite basse, d’un satellite GEO’ à orbite 
géostationnaire et d’un satellite 'HEO' à orbite haute, le CUBESAT pesant moins de 5 kilogrammes. 
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